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WITH DISCUSSION. 


Very destructive tornadoes have fortunately been infrequent, but 
the possibility their occurrence almost any time cannot en- 
tirely overlooked the design structures great magnitude and 
cost that may exposed their action. 

May 27th, 1896, St. Louis was visited tornadic storm that 
caused loss 255 lives and the destruction property 
amount $12 Much the damage was the result the 
direct action the wind, and few opportunities occurred deter- 
mine the intensity the wind pressures which prevail such 
storms. 


This paper presented mainly with the object placing record 
some definite estimates made the author the force exerted the 
wind several structures known stability that failed under its 

action, and some further characteristic examples destruction that 
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will indicative this force, even its intensity cannot defin- 
itely measured. 

study the work the tornado some detail emphasized cer- 
tain features the nature and action the wind destructive 
agent, which appeared further corroborated various experi- 
mental results. 
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The possible effects exfreme wind pressures high buildings 
will doubt variously estimated. The author has presented some 
conclusions that appear follow logically from the evidence. 


I.— 


The storm entered St. Louis from the west, progressed eastwardly 
through the city some distance south the central business section, 
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The most marked feature the storm was the reduction the 
atmospheric pressure. The copy the barograph trace Fig. 
the record the self-registering aneroid barometer the 
station, and shows the general fall pressure and comparatively 
low reading during the storm. The recorded pressures shown should 
have added them, reduce the sea-level datum. The 
fluctuations before and several hours after the storm indicate the 
unstable condition and greatly disturbed state the atmosphere. 
matter general interest the barometric the tornado 
which passed over Paris, France, September 10th, 1896, re- 
produced Fig. While noting the similarity the lines, 
necessary bear mind that while the Paris Observatory was 
directly the path the storm, the records the instruments 
St. Louis show the conditions about mile from the center action 

turbance the elements that point. 
There was barograph the Louisville 
station the day the tornado there, 
March 27th, 1890. 

There record the pressure the 


path the tornado except the reading 
the aneroid barometer referred Mr. 
Frankenfield’s report. This instrument was 

Fic. hanging window the first floor 
the house, and the storm struck the building the index was noticed 
almost opposite its usual position, pointing nearly down- 
ward. afterwards ascertained, this would give areading somewhere 
between 680 mm. and 690 mm., and assumed here average 
685 mm. author has since tested this instrument, comparing its 
readings reduced pressure under air receiver with mercury 
gauge, and found the corrected pressure for reading 685 mm. 
671 mm., equivalent 26.63 ins. the mercurial barometer locally, 
27.23 ins. reduced sea level. This would give difference 
barometric pressure 2.13 ins. below the lowest reading recorded 
the time storm the Weather Bureau Station, and about 2.4 ins. 
below the average reading which prevailed that point for some time 
preceding the storm, the latter reading being, however, about 0.23 in. 
lower than noon. The house had the roof and part the upper 
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walls taken off, windows broken, and the contents very generally 
blown about the winds, but this damage occurred afterward. The 
barometer was accidentally noted, but not read, immediately preceding 
the general conclusion and excitement due the extreme severity 
the storm, and the result can probably accepted with possible 
error say tenth two either way. 

While the self-registering barometers record the variations 
pressure corresponding inches mercury the gauge full- 
size scale, the small scale the abscissas allows but approximate 
estimate the exact time occurrence the rate this change. 
The horizontal scale being about hours 900 minutes per inch, 
0.01 in., about the thickness line, equal minutes time. 
variation pressure requiring few minutes for its completion 
would leave the same record one taking place few seconds. 

The anemometer record shows the passage miles wind 
about minutes; this, little over miles passed minutes, 
rate about miles hour observed, giving, when properly cor- 
rected, actual velocity about miles per hour. The general 
direction was towards the south, into the storm center. 

There are indications strong downward component the 
wind point about 800 ft. northeast the Weather Bureau Station 
the ventilating stack* over the tunnel which the trains over the 
St. Louis Bridge enter the city. The ventilating fan placed the 
bottom the stack, which used exhaust the smoke from the 
tunnel, was checked and the engine slowed down from its usual speed 
revolutions per minute about one-third one-fourth 
that speed, for estimated period minutes, the 


pressure the air above. The stack 110 ft. high, ft. diameter 


and flared ft. diameter the base admit the fan; the latter 
ft. diameter, revolves horizontal plane, and directly coupled 
the engine shaft beveled gear. opening the manhole just 
above the level the fan locate the trouble, the engineer was 
thrown across the room the rush escaping air. 

The foregoing facts, coupled with the general indication and testi- 
mony strong winds from the west, north and east, with the prevail- 
ing direction towards the general center the storm, are well estab 
lished. There was apparent meeting heavy clouds coming from 


*3ee ‘‘ Ventilation of Tunnels,” N. W. Eayrs, Transactions, Vol. xxiii, p. 293. 
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opposite directions, followed general darkness and general storm 
more less violence. There were funnel-shaped clouds seen 
far the author knows. 

The general conditions which prevailed within the storm its 
height were total darkness except where relieved the lightning 
and grounding electric wires; furious wind, filled with 
missiles, that blew turn apparently from every direction puffs 
and gusts extreme intensity and continuous roaring noise that 
drowned every individual sound; the shock and crash which must 
have attended the fall the Valley Elevator was not noticed men 
within 100 ft. the building. The time the storm occupied 
passing any one point generally given very short, though this 
would depend, course, upon the location the observer. one 
instance street car, about the center the area devastated 
the storm, the time, noted the watch, was between four and five 
minutes. During this interval the darkness was complete, and the 
wind blew successive gusts and blasts that shook the car until 
seemed continuous motion. 

The attendant confusion, terror and danger, and the immediate 
necessity looking for shelter and personal safety, rendered all other 
matters secondary importance, and, general, little known the 
storm except its results. The full extent the damage was often un- 
known, even occupants the house until the storm was over. 
When the destruction was noted, was nearly always observed 
due the successive action the wind. 

The débris, rule, offered but confused and conflicting testi- 
mony the general direction the wind. The great extent the 
destruction, the immense volume material moved, the confused 
condition due the successive blowing about the wind, and also 
the promptness with which much the material was moved and piled 
corporations and citizens clearing the streets and their 
property, largely destroyed the value any deductions the suc- 
cessive action the wind. 

The great bulk the material was carried only short distance, 
from few feet several hundred, and there was apparently marked 


absence that carrying power the wind frequently 
found tornadoes. This may have been due the difficulty 
identification, any object carried long distance would scarcely 
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missed where came from and not noticed recognized where 
fell, such fact would probably known only few persons. 

There are members this Society St. Louis who, either from 
personal experience the tornado from immediate opportunities 
noting results the destruction their homes, can give more 
detailed account results than can possibly done the author. 
the evidences extreme velocity pressure the wind, 
which there were innumerable instances, would special inter- 
est well verified. One evidence afforded piece pine plank 
driven the wind through the web plate girder the 
approach the St. Louis Bridge, East St. Louis. The uncertainty 
whether the plank was detached piece was fastened 
heavier frame the moment impact precludes even the most ap- 
proximate estimate force velocity. 

general inspection the buildings brings out the following 
average characteristic features. The extreme force the wind was 
generally confined upper stories and roofs. The intensity this 
must have been extremely variable, not only exerted 
properties, but single building. There was very 
general evidence the destructive force being exerted from the 
inside. 

The total number buildings destroyed seriously damaged 
the storm the city St. Louis, shown the records the 
assessors’ 263. these 321 were totally wrecked. The 
number houses slightly damaged that can repaired average 
cost $75 249, making total 515. 

Aside from actual inspection, only photographs can convey any 
adequate impression the appearance these wrecked buildings. 
The church Fig. Plate has been selected average example 
maximum destruction, both intensity and area covered, the ex- 
treme destruction being generally very much localized. Instances 
entire physical destruction are very few and nearly always due 
collapse account very old and weak construction; general the 
damage confined the roofs and upper walls the houses. The 
building the foreground and the one the right, Fig. Plate II, 
and the church Fig. Plate are cases partial destruction 


presented show some characteristic results the action the 
wind. 
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The general maximum destruction ‘covers area from 000 ft. 
000 ft. wide and nearly miles long, lying immediately south the 
central part the city St. Louis and extending across the river into 
East St. Louis. There was addition much damage several directions 
towards the west and various places sides this area. With the 
exception line factories and industrial plants near the railway 
the north and the river the east, almost the entire area affected St. 
Louis used for residence purposes. comparatively small section 
the western limit and around Lafayette Park built with costly 
private residences. The rest the buildings are the cheaper class 
brick dwellings, flats, tenements, and small factories, two and three 
stories high, built the solid rows common large cities, with only 
occasional church, school large commercial building standing 
above the general level. The western section comparatively new, 
the eastern part from thirty sixty years old, with some buildings 
along the river front that are still older. 

Tables Nos. and show approximately the character the build- 
ings and the extent the damage part the district where the 
effect the tornado was greatest. The district for which this data was 
compiled, extending from Broadway California Avenue and from 
Chouteau Avenue Russell Avenue, enclosed heavy lines the 
map, Fig. and divided into six sections. from 600 ft. 
wide, and 300 9000 ft. long, covering area 1.33 square miles, 
and divided into 183 city blocks about 260 300 ft., double that 
size. area almost solidly built up, having total number 
090 buildings, average about per block; there are but 
blocks having houses less per block. 


No. 


| 


Value. No damage.| Oto % 4 to % | 4+ Total Loss 


| Per- _ Per- Per- Per- 
No, cent.| No. cent.; No. cent.) No. cent.| No. cent.) No, cent. 
$1500 and less..| 392 26 488 32 | 27 109 7 126 8 1537 100 


Toteerenn 108 26 100 41 | 884 21 | 267 7 | 19% 5 | 4090 100 
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No. 


0. of 
Blocks. 
Per- Per- Per- Per- Per- 
No. cent.| No. cent.) No. cent.) No. cent.| No. cent. No. 
22 9 «#418 237 «47 120 24 38 7 21 4 507 
) | ee | 16 26 7 125 36 114 #33 | «52 165 31 9 384 
30 135 420 217 32 29 71 #10 63 9 687 
TV | 38 233 321 135 #19 #18 2 16 2 723 
Wess 42 185 27 288 157 «23 25 4 17 3 672 
35 384 33) | «502 157 4 63 5 47 4 1153 
Total... 183 (1054 26 (1690 41 884 21 267 7 195 5 4090 
| 


Table No. the buildings are grouped according their value; 
Table No. they are given according locations. Sections and 
embracing Lafayette Park and property, show the heaviest 
destruction. The assessors’ lists from which the tabulations were 
made show that the 195 buildings totally wrecked are distributed 
blocks; that these blocks have each only one house totally de- 
stroyed, and the other blocks have each from two ten houses 
totally destroyed. The 1054 houses not seriously injured are dis- 
tributed over 153 blocks, there being blocks which house 
escaped. blocks only one house each escaped serious 
damage; blocks one-half the houses, and blocks three- 
fourths the houses, each escaped. Throughout the path 
the storm the buildings and wreckage show evidence extreme and 
sudden variations the intensity the wind pressure. striking 
example this isa little pavilion left standing Lafayette Park, 
slight elevation above the general level point where the broken 
and uprooted trees show the full force the storm. straw-thatched 
roof held light wire netting and perched six uprights planted 
the earth and stiffened few rustic braces, would seem most 
inviting mark for the wind, but except for some damage due the 
falling limbs adjacent trees, stands uninjured. 


THE 


The St. Louis Bridge.—The main damage sustained the St. Louis 
Bridge was confined the upper section the masonry approach im- 
mediately adjoining the east abutment the bridge proper. 
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The details the construction this part the bridge are shown 
Fig. The structure double decked, the highway floor, which 
the full width the bridge, being carried immediately above the rail- 
way tracks cross-girders resting the masonry side walls. These 
walls are ins. thick, and are pierced arched openings, leaving 
row pillars ins. square, spaced ft. ins. between centers, 
The masonry built sandstone, and all first-class dimension 
work, all the blocks being the full thickness the wall and laid with 
the bond shown the drawing. 

The highway floor timber carried iron cross-girders. The 
sidewalks are ft. wide, built 3-in. planking, supported 
stringers, with line 7x14-in. stringers the out- 
side, which the iron bandrail securely bolted. The roadway 
ft. wide, and consists cypress block paving, ins. deep, laid 
3-in. cypress planking carried lines 14-in. pine stringers. 
The planks are laid crosswise the structure two 17-ft. lengths, 
bringing all joints the center line, and are spiked the stringers. 
The latter are lengths two panels, and laid with lap joints. Six 
lines these stringers are secured each the iron cross-girders 
two }-in. bolts with special washers. 

The iron girders carrying the floor are centered over the pillars 
the side walls. Seven these girders near each end were heavy 15-in. 
rolled supported their central points longitudinal 
girders, one each end, which they were fastened braces. These 
longitudinal girders were ins. deep and were supported posts 
from the railway floor beneath, except the west end the west 
girder, which was seated narrow recess cut into the masonry 
abutment for that purpose. Although the girder extended ft. 
into this pocket, and the latter was ins. deep, there was abrasion 
any kind the stonework. The girder must have been raised 
out the pocket straight lift, this being possible, the 
fastenings the floor the iron girders were sufficient strength 
raise the weight the latter. The 15-in. each weighed 
about and the longitudinal girders each lbs. 
provide clearance and headroom for cross-over the railroad 
tracks, the seven girders near the center were made span the full 


distance. They were built beams with 27-in. webs, and weighed about 
000 Ibs. each. 
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During the storm rush wind from the northwest carried away 
200 lin. ft. the highway floor with the girders attached, and over- 
turned both sidewalls for length 180 ft. The highway floor for 
distance 100 ft. the main span immediately adjoining this 
section was disturbed the wind, the sidewalk being carried away, 
and the north half the roadway being lifted and partly moved out 
its place. The extent the damage the arcade indicated 
the shading Fig. and shown Fig. Plate which 
view taken from the south side looking northwest, several days after 
the storm, the trestle work the right being temporary support 
for the roadway process erection. 


Fie. 5. Fie. 6. Fie. 7. 


The following computations the stability the structure are 
made for two assumptions. First, that the floor was lifted, and then 
the walls overturned separately. Second, that the walls were over- 
turned together with the full weight floor upon them. each 
case the wind assumed act right angles the face the 


wall. The weight the sandstone was found the actual weighing 
two blocks 140 per cubic foot. The cypress timber 
from average several planks was found weigh Ibs. per 
foot The pine was assumed per foot 


21.5 
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The overhang the coping and sill-course brings the center 
gravity the wall near the outer face. This very markedly increases 
the stability against falling inward and reduces against falling 
outward. 

The general dimensions and details one panel are given Figs. 
5,6and7. The weights, area exposed and centers gravity have 
been computed from data given there. The limiting position for the 
center pressure taken in. from the edge the stone shows 
very little crushing. 


Floor Lifted and Walls Overturned Separately. 

estimating the weight the floor, the handrail included 

the weight the sidewalk, and the girders that the roadway. 
This gives the following weights per square foot surface: 


Sidewalk, including handrail.............. 22.1 per square foot. 
Roadway, end panels—timber........ 
girders........ 16.6 


Roadway, center panels—timber 
girders..... 27.3 


Stability Walls. 
Let total wind force per panel. 


pressure per square foot. 
North Wall. 


Moment overturning 8.68 
28.309 


261 58.2 lbs. per square foot. 
South Wall. 
11.65 


Moment overturning 8.66 
921 


59.7 “ec 
70.4 “cc 
ai 
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Wall and Floor Overturned Together, 


The equations will assume their simplest all forces are re- 
placed their equivalents acting the line the top the walls. 

This will involve: 

First.—Computing the stability each wall due its own weight 
and the weight the floor resting upon it, and finding the equivalent 
horizontal reaction the top the wall. 

Second.—Computing the total wind forces acting all exposed 
surfaces, and finding equivalent force concentrated the line 
the top the wall. 

Equating these quantities will give the result sought. 

the area the south wall can acted only part the 
wind which passes through the openings the north wall, the effective 
pressure must reduced appreciable but uncertain quantity. 
The coefficient reduction 0.8, commonly used computing the 
wind pressure leeward trusses bridges, has been used this 
the actual shelter probably more than that, the use this 
will underestimate the pressure and give final result too 
small. 

The values for center and end panels are separately com puted, since 
the dead load the girders resting the wall different the two 
cases. 

Let pressure the wind per square foot. 

force total wind pressure acting top 
wall. 

reaction top north wall equivalent its total re- 
sistance. 

reaction top south wall equivalent its total re- 
sistance. 


Computations for Center Panel. 


Stability the Walls. 


i 
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1 


Force the Wind. 


Against north wall, 56.0 36.0 


8.68 
13.5 
8.66 


For equilibrium (1) (2); 042 93.6 

64.5 lbs. per square foot. 
End Panels. 

For the end panels the only difference lies the weight the floor 
Making this change, the above equations will give the value 53.5 
lbs. per square foot. 


the decking assumed act horizontal girder distribut- 
ing the forces uniformly, then the average for the fourteen end and 
seven center panels becomes 57.2 lbs. per square foot. 

The amount material actually moved the wind was 580 tons 
masonry 280 tons flooring and girders, total 860 tons. 

The preceding values, 58.2 lbs. per square foot, the north wall 
acting alone, from 64.5 lbs, per square foot for the entire 
structure acting unit, are the static pressures which, exerted, will 
just put the material balance were standing alone. Consider- 
ing that some additional concentration force was necessary each 
end tear the material loose from the rest the structure, and also 
some additional force was necessary overcome the inertia the 
total mass and set motion, fair assume that the total press- 
ure exerted must have been least lbs. per square foot. 
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The masonry the north wall fell over the tracks. Four 
the heavy girders and some planking remained the track floor. 
The masonry the south wall and most the iron work was lying 
the ground within ft. the structure. The timber the floor 
was scattered along the river front for distance 400 ft. The 
construction the floor would naturally cause hold together 
sections about ft. that would float the wind some 
distance and carry the girders with them till the fastenings broke. 
One the heavy girders was carried distance 120 ft. from its 
original position, and section the iron handrailing was found about 
1300 ft. from the bridge. 

addition the damage the east arcade, section the timber 
floor 150 ft. long the center span the bridge was torn and car- 
ried away the wind. Theconstruction was the same for the floor 
over the arcade. 

These facts and figures show that the center the bridge for 
length 150 ft. the wind must have exerted lifting pressure 
over lbs. per square foot; that the east end the bridge the wind 
must have exerted force equivalent uniform static pressure 
least per square foot over area least 180 ft. long ft. 
high. 

more probable, however, that the area destructive pressure 
was more than ft. high, and that the pressure was not uniform, but 
maximum near the center and less the sides. The disturbance 
the adjacent bridge and destruction the east tower would in- 
dicate width about 300 ft. for this area extreme pressure. 

Brick Chimney.—The power plant the Union Depot Electric 
Railway Company located near the southwestern part the area 
maximum destruction shown the map, Fig. The effects the storm 
this place are indicative both the extreme intensity the wind 
pressure and the sharp variations this intensity short distances. 

Fig. Plate IV, engraved from photograph looking northeast 
over the carsheds toward the chimney. 

The chimney fell over toward the north the engine and dynamo- 
house, cutting into two sections. The part toward the east was 
blown down and totally wrecked the wind; the section the west 
was almost entirely uninjured. The boiler-house was unroofed and 
its walls partly destroyed; the carsheds were completely wrecked, 
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while the machine-shop was but slightly damaged. All these build- 
ings were the usual type construction employed for such pur- 
poses, consisting merely side walls and roof carried posts 
trusses. Buta small part the pressure exerted overturn the 
chimney would have completely demolished every one the buildings. 
The construction the chimney shown with details and dimensions 
Fig. consisted outer shell built selected, hard-burned 
dark red brick laid mortar equal proportions one part Port- 
land cement two parts sand, and one part lime two parts sand. 
The bricks were laid with push-joints under inspection, and all joints 
were well filled. 

The inner core was built fireclay brick, reinforced 
the lower section aring hard-burned red brick. The firebrick 
were laid fireclay. Each shell was finished the top cast-iron 
cap ft. deep, metal, secured the brickwork bolts. The 
inner shell was separated from the outer varying distance; the 
dimensions the drawing give this distance minimum ins. 
the top, and the same ft. below the top where the section 
changes. This annular space would probably vary somewhat actual 
construction. The inner shell was stayed brackets built into the 
outer shell intervals ft. There were six these brackets ona 
level, each having face about ins. 

The upper section this chimney, about 110 ft. high, was over- 
turned the wind. The portion left standing varied from 
ft. height, shown the line With the exception several 
vertical cracks was such good condition that after taking down 
about ft. the brickwork, the chimney was rebuilt the remain- 
ing section. The cast-iron shells forming the caps the chimney 
were shattered the fall, and the fragments lay different places; 
they were probably blown about the Some the largest 
sections were found cellar just inside the line the building and 
100 ft. chimney. Most the débris fell the engine-room 
between the base the chimney and the street, and part the 
south the chimney. The lightning-rod was thrown forward across 
the street. Almost immediately after the fall the chimney, the wind 
veered around and blew the opposite direction. 

The change section from ins. ins. thickness level 
makes this point comparative weakness. This, taken con- 


PLATE IV. 
TRANS. AM. SOC, CIV. ENGRS. 
VOL. XXXVII, No. 805. 
BAIER ON TORNADOES, 


a 


Fie. 1. 


BAIER TORNADOES. 239 


nection with all other facts, renders probable that the chimney 
failed the crushing the brick masonry the extreme leeward 
side just above the section due the concentration pressure 
that point, and overturned bodily; that the rupture the walls 
shattered the brickwork for some distance, and that the shifting wind 
blew off the loose fragments down the line and scattered the 
débris about the base. 


Stability Chimney. 


The following computations have been made, closely possible 
accord with actual conditions, find the least which must 
have been exerted the wind cause the failure the chimney 
the section made for this purpose are: 

I.—That the joints can take tension and that when the center 
pressure has reached its limiting position, the joints have opened from 
the windward side diagonally across the base the chimney, leaving 
wedge above the line which does not take part the movement 
the upper section. 

the mortar has sufficient coherence hold the upper 
section shape till has passed the point equilibrium. 

the weight red brick masonry 115 per cubic 
foot, and the weight firebrick 120 lbs. per cubic foot. 

IV.—That the brickwork will not fail crushing till the pressure 
has reached value tons per square foot, about 700 
1000 per square inch. wide range value assumed for the crush- 
ing strength has little effect the final result this case, will 
seen hereafter. 

the effective air pressure cylinder 0.54 much 
plane surface whose area equal that the diametral section 
the cylinder. The valuation this coefficient the most uncer- 
tain element the problem. variously given from 0.5 0.6, 
range nearly per cent. designing new work sufficient 
assume safe value, but the present instance essential have 
nearly the true value this coefficient possible. The value 
0.54 has been taken representing nearly mean between the latest 
values determined experimentally entirely different methods. 
Professor Kernot experimenting with models placed delicate 
movable carriage front air blast has found this value 
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0.52, while the experiments Irminger made with hollow models 
placed air duct, means which the actual pressure all 
points the surface the cylinder was determined, give the value 
this coefficient 0.57. 


Computation for Outer Shell. 
Let pressure wind per square foot. 

total force the wind against the section overturned. 

55.2 ft. 

total weight section chimney overturned. 

lever arm weight distance from center gravity 


Overturning Force the Wind. 


Total area diametral plane above 386 sq. ft. 
Effective area 293 sq. ft. 0.54 698 sq. ft. 


Resistance Chimney. 
Total brickwork above 87). cu. ft. 


Distance center chimney center gravity wedge base 
ft. 

Distance center chimney center gravity 
4.0 0.2 ft. 

Assuming center pressure fall center outer shell, 
ins. back from face chimney, gives 7.33 ft. from center chimney 


427 000 


center pressure. 
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Moment resistance =427 000 7.13 044 500 (2) 
For equilibrium (1) (2) 044 500. 


79.0 lbs. per square foot. 


The deduction the wedge the base makes difference lbs. 
the result; that is, the entire chimney above assumed hold 
together and resist overturning, the value becomes per 
square foot. 


10, 

Making the customary assumption that the pressure distributed 
uniformly varying rate, can graphically represented, 
Fig. 10, hollow wedge, the volume which equal the weight 
and the base and altitude such that the center gravity the 
wedge must coincide with the position assumed for the center 
pressure the load this case ins. from the edge the wall. 

The direct mathematical formulas for the hollow wedge are quite 
intricate and difficult application, particularly for small segments. 
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The values given here were found successive trials. drawing 
the plan assuming the width the base the wedge, 
and dividing the latter into small vertical prisms, the volume and 
center gravity, terms the pressure the extreme edge, can 
readily found use slide rule, with error less than 
per cent. Varying the base successive increments, few trials will 
not only give the desired results, but also show more clearly than the 
formulas the change these results due changing the assumed 
data. For the center pressure assumed, ins., from the face 
the wall, the wedge was found have base 1.3 ft. wide, and 


area 7.15 sq. ft., and the pressure the extreme edge was found 
2.33 times the average pressure, 2.33 69.5 tons per 
square foot. 

small variation the position the center pressure will 
make great difference the theoretical pressure the extreme 
edge. moved toward the center 0.1 ft., the maximum pressure 
becomes 53.9 tons per square foot; and moved toward the edge 
the wall 0.08 ft., the maximum pressure becomes 87.8 tons per square 
foot. total variation, therefore, only 0.18 ft. the position 
the center pressure, and consequently the length the lever 
arm, making difference only 2}% the computed wind force, 
will change the maximum pressure the extreme edge the brick- 
work from 53.9 tons 87.8 tons per square foot, variation per 
cent. The limit assumed this particular case for the crushing re- 
sistance the brickwork can therefore have but little effect the 
final estimated wind pressure. moreover improbable that the 
pressure will vary from tons zero the short distance 1.3 ft. 
For such extreme weight small areaa slight compression 
the mortar will quickly redistribute the pressure more uniformly, 
giving much lower unit pressure than found the formula. 

The total weight the inner shell core above the line 
tons. computation similar the preceding one shows that 
this weight will held equilibrium external force 600 Ibs. 
applied 56.1 ft. above This equivalent uniform pressure 
24.8 Ibs. per square foot over the effective surface exposed the 
wind. 

The value placed the core estimating the ultimate 
strength the entire chimney uncertain. Although the design 
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new chimney entire dependence should placed the outer 
shell, evident that the latter cannot actually overturned unless 
the core taken with it. The which the possible resistance 
the core will effective the moment when the outer shell 
brought the point failure will depend upon the efficiency 
the brackets, the distance between the shells the top, and the rel- 
ative stiffness each shell. 

The deflection brick chimney under extreme lateral forces can- 
not definitely computed. will depend upon the elasticity brick 
and mortar under compression the leeward side, and upon the open- 
ing the joints the windward side. any movement the joints 
line will lateral motion seven times that amount 
the top, quite probable that the outer shell will brought 
bearing against the core case the brackets not prove efficient. 
From such approximate computation the stiffness the shells the 
ease will admit, the author assumes that least one-fourth one- 
half the possible resistance the core must taken into account, 
pressure from lbs. lbs. per square foot must added 
the resistance the outer shell. This gives total 
per square foot necessary hold the chimney just the point 
equilibrium. this must added some additional pressure over- 
come the inertia the mass and set motion. 

The preceding data and computations show that the wind must 
have exerted this locality force equivalent static pressure 
wide 110 ft. high. The total material moved was 321 tons. 

probable that the pressure was not uniform, but greater near 
also possible that the chimney was overturned either 
successive gusts wind whose period recurrence was timed 
the oscillations the chimney one sudden and intense blast. 
the former case the actual pressure the wind might much 
less, the latter would more than that given the above 
figures. 

The Valley Grain Elevator.—The largest and heaviest single object 
that was moved the wind grain elevator standing the east 
shore the Mississippi River about the south line the path 
the storm. This building the usual type elevator construction 
and shown outline and general dimensions Fig. 11. The heavy 
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lines indicate the present position the wreck seen Plate 
and Fig. Plate the light lines indicate its position before the 
storm. The upper part the building cupola was about ft. 
wide ft. high, and extended the full length the building. 
consisted framework timbers supporting series partial 
floors which were located the machinery, bins, scales, distributing 
chutes, etc., which constitute the operating mechanism grain 
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elevator. The binwork lower section the building proper 
ft. high, ft. wide, and about 200 ft. long. divided into 
bins about ft. square series ten longitudinal and nineteen 
cross-walls built 10-in., 8-in. and 6-in. planks, laid flat each 
other and securely spiked together. These walls form effect 
series deep wooden girders intersecting and interlocking into each 
other and forming huge box great strength and rigidity. Im- 
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mediately underneath each outer and cross-wall 16-in. timber 
sill, which fastened and forms part the wall above it. The 
sills and the entire structure are carried the ‘‘twin girders,” 
running under each longitudinal wall and supported turn 
14-in. vertical posts, one under each point intersection 
these main timbers. The posts rest substantial foundation 
stone walls and piers. The details posts and bracing are shown 


LONGITUDINAL SECTION TRANSVERSE SECTION 


Fie. 12. 


Fig. The posts are reinforced 12-in. side and diagonal 
pieces shown the cross-section, which act partly braces for lateral 
and partly additional supports the sills when the bins 


are fully loaded. Batter posts are used bracing the longitudinal 
direction. 


The wind blowing from the west pushed over the entire structure 
with its supports and tore off and overturned the framing and contents 
the cupola down the level the bin floor. The building was 
moved towards the east 19} ft. the south end, and 18} the north 
end, and towards the north about ft. the distance from the 
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bottom the posts the sill was ft. ins., the building moved 
sideways but little more than the distance fell, the path motion 
probably being nearly the circle, having the height sup- 
port its radius. The binwork, somewhat racked and out plumb, 
resting the foundation and overhangs the east wall, shown 
Fig. Plate IV, from photograph taken from the northeast corner; 
Fig. Plate view taken from the southwest. The face the. 
building was originally above the stone foundation wall and nearly 
line with it. The timbers showing above the wall the left-hand end 
the plate formed the outer row supports. 

This elevator was built 1883, and records showing details 
construction were accessible. The dimensions the binwork and 
supports were obtained measurements taken from the wreck; the 
cupola was assumed the same that other elevators simi- 
lar construction and dimensions. The building was empty the 
time the storm. The estimated dead weight the structure 
about 500 tons, with possible error several hundred tons either 
way. 

The uncertainty the exact height the cupola, and the exact 
weight the total building, and particularly the indeterminate value 
the bracing, renders definite estimate the wind pressure impos- 
sible. The bearings the sills the longitudinal girders, and the 
latter the posts, were unsecured any way except the friction 
due the weight. The 12-in. uprights were fastened the post 
single bolt, and the diagonal pieces were toe-nailed hold them 
place. 

The maximum resistance due the weight alone will brought 
into action after some movement, causing some inclination the 
posts, has taken place and has thrown the bearing the leeward edge 
the base and towards the windward edge the top the post, 
giving effective lever arm possibly Then 


Total wind force 371 500 lbs. 

Exposed area 200 000 sq. ft. 

Pressure per square foot 16.1 
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The evidence the resistance offered the bracing seen the 
the fibers the yellow pine sills. The diagonal pieces 
crowding against each edge the upper horizontal timbers have 
many instances crushed the latter into the underside the girders, 
leaving indentation triangular shape, in. deep maximum, 
shown Fig. The exact value this resistance indetermi- 
nate, but would materially increase the wind pressure necessary 
move the building, making probably more the square foot. 

would seem reasonable conclude that this case the wind 
must have exerted force equivalent static pressure least 
more per square foot over area least 200 ft. 
long 115 ft. high. probable, however, that the pressure was 
not uniform, but was double this amount more against the upper 
part the building. The slight movement the building toward 
the north, and the greater lateral displacement the south end would 
indicate diagonal direction the wind and heavier pressure near 
the latter end, while the fact that the brick building used engine- 
room standing the south end was entirely uninjured the wind 
would indicate that the pressure was varying and greatest near 

The grain elevators located along the river front have all suffered 

more less, owing their height and exposed condition. four other 
buildings the cupolas were overturned and completely wrecked. One 
these buildings showed indications racking, though partially loaded 
with grain the time. another elevator, building 350 ft. long 
and the same general construction that described, except that 
was braced more effectively with the batter posts the transverse sec- 
tion, there were evidences that the building had been partially moved 
out place and settled back again. The plumb posts the extreme 
leeward side were moved outward the bottom for half the length 
the building, the displacement being ins. about the quarter point 
and varying nothing the middle and end the building. 
windward side many the batter posts had fallen out place and 
were found the floor. Several sections the cupola the end 
away. The great length and stiffness this building proba- 
bly prevented being pushed over its supports. The equiva- 
lent pressure was least lbs. for length building. This 
elevator parallel and north the bridge, and the wind was from 
the north the same direction the bridge. 
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Mercantile Buildings.—The damage wrought some the large 
and substantially constructed buildings, which there were only 
few the path the storm, will convey some further impression 
the force the wind, even cannot definitely estimated. 

ft. wide 126 ft. long and six stories high, built with heavy exterior 
walls and with standard mill construction the interior. The full 
wall shown the illustration faces west; the east face similar 
construction the south front. The brickwork the top story was 
ins. thick the full wall, ins. the pilasters between the windows, 
and was all laid mortar lime and Louisville cement. was built 
three years ago, that the mortar had ample time set. The roof 
was constructed double thickness planking with air space 
filled with mineral wool, and was furnished with extra heavy tar 
and gravel covering. was carried beams supported 9-in. 
uprights, and would probably weigh about per square 
foot. 

The entire sixth-floor walls were demolished and the roof lifted and 
carried off the wind, part falling and crushing the one- 
story building immediately adjoining the west. The wind evi- 
dently blew into the east windows and lifted the roof, nearly 
all the posts, with the cast bearing-plates still top them, were 
left standing place; the first row can seen the illustration. 

second example the damage done substantial building 
given Fig. Plate V1, which shows the south wall the upper 
four stories blown out the difference pressure the air the 
inside and the outside the building, the material the walls all 
falling the outside. The walls were ins. thick the fifth and 
sixth stories, and ins. the third and fourth stories; the pilasters 
which supported the girders were ins. thick. The building 
was erected about eight years ago. With the exception the parapet 
wall and the upper story the building, sustained 
other serious damage. 


Another instance brick wall blown out difference press- 
ure occurred the elevator building one the large brewery 
plants, brick shell, constructed around the grain bins, having its 
walls stayed intervals slip anchors fastened the sides the 
wooden bins. The end wall, ins. thick, ft. wide, and about ft. 
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high, was forced out its entire height. The brickwork this case 
was laid Portland cement mortar, and was excellent quality. The 
débris showed large sections brick masonry still bonded solidly to- 
gether, the wall evidently breaking through the bricks readily 
the joint. 

Fig. Plate VI, shown the framework group three 
mercantile buildings various stages construction, about they 
appeared the day the storm, the view being taken sometime 
previous. The buildings are and basement height, about 
110 ft. wide 250 ft. long, situated end end one line, and partly 
separated open courts. The outer walls are heavy brick masonry 
the interior consists skeleton framework cast-iron columns and 
steel beams. The metal-work was completed, except the beams 
the outer panels the upper floors, which were necessarily 
omitted until the walls were brought the proper height. The 
framework the building the foreground, some 200 500 tons 
weight, was completely wrecked the storm, the view Fig. 
Plate VII, showing the result. The building the extreme end had 
the upper two three stories wrecked, while the frame the center 
building escaped uninjured. 

The floor plan the building was the customary design, the 
essential features being shown Fig. 13. consisted longitudinal 
girders two 15-in. fastened together with the usual cast 
separators. The trimming joists were 15-in. and the floor 
beams were 12-in. coped and framed into the girders 
flush top. the outer panels 15-in. [[-tail trimmer, adjacent 
the wall and framed into the 15-in. trimming joists opposite the 
column connections, carried the headers, which otherwise would have 
rested directly over the windows, the brick walls. All connections 
were made with standard connecting angles, with five 
holes each leg, which came shop-riveted the end the 12-in. floor 
beams. The field connections the girders all interior points were 
necessarily made with long bolts; all connections the outer panels 
adjacent tothe wall were riveted, bolts and rivets being in. diameter. 
The cast columns were fastened each other four bolts 
through heavy flange lugs each joint, the girders and beams being 
supported brackets and bolted through their webs vertical lugs 
cast the columns. 
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The details the wreckage, representing, they do, drop test 
full-size members unusually large scale, present some points 
interest regard the behavior the material under extreme 
conditions that have direct application some details customary 
practice the steel framework high buildings, and are therefore 
given some length. 


GIRDE 
THESE JOINTS RIVETED 


HEADER 


TRIMMING JOIST. 


Fie, 13. 


The roof beams and girders which fell top the wreck were 
subjected shock except that due their own weight, and were 
nearly all good condition. The floor beams the various floors, 
being caught between falling columns and girders, were badly bent 
and twisted. The author was informed that number the beams 
had the flanges cracked, and personally saw several beams broken off 
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the ends, the fracture beginning the end the coped top flange 
and extending diagonally across the web and bottom flange, shown 
Fig. 14. common method failure shown Fig. 15; the 
flange the beam, probably due blow coming one edge, 
doubled almost into the line the web, and both are deflected sideways. 
careful inspection numerous cases extreme distortion similar 
the last failed show any cracks the metal. 

striking fact noted throughout the work clearing the wreck 
was the superiority riveted over bolted connections when the joints 
are subjected strains from bending, twisting wrenching, such 
they might called resist the column connections high 
building. most the roof beam connections, and some the 
joints the floor where the beams maintained their relative position, 
the bolts were good, but wherever the beams were twisted out 


15. 

position, the bolts invariably failed. Fully two-thirds three-fourths 
all the bolted connections were either broken apart weakened 
that the beams could easily pulled {apart. The riveted joints, 
the other hand, made much better showing. The floor beams the 
outside panels the first and second floors were nearly all place, 
and the joints riveted the time the storm. beams were 
caught beneath the falling material the upper floors and were 
dragged down against the side wallin way twist most the 
beams and girders out line and position. Although these joints 
were thus subjected the severest test any the structure, yet 
nearly every instance they hung together and required the rivets 
out before the wreckage could cleared. The line tail trim- 
mers the second floor can clearly seen against the wall shown 
the right-hand side Fig. Plate VII, which view the wreck 
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taken shortly after the accident. Fig. Plate VII, view taken 
during the clearing the wreck. 

various times during the clearing the wreck the author made 
detailed examination these joints, containing total 735 
rivets. average, least three rivets out the fifteen 
each joint were strained tension, there were 149 rivets this num- 
ber that were put severe test. Fifteen these rivets, about 
10% the number, were found with the heads off broken the 
body, and seven were noticed that had been elongated one side 
much The maximum number that failed any one joint 
was three, and every instance the rivets that were broken ex- 
cessively distorted were the inner row. three places the material 
had been violently wrenched that both connecting angles were torn 
apart the root the angle, and the beams pulled entirely away 
from each other, and two other instances one the angles was 
torn apart; otherwise the girders hung together the riveted joints 
continuous sections. instance was connecting angle torn 
entirely off from any beam which was riveted. 

Plate shows some the distorted rivets, broken bolt, 
which characteristic specimen, and half one the connecting 
angles that was torn apart. The last was still attached the web 
the beam the three rivets, about the position shown the 
illustration. The rivets were still sound and were cut out clearing 
the wreck. Evidently the angle, when pulled away from the beam, 
split the rivet holes and pulled over the rivet heads, which were 
somewhat eccentric and did not have their full grip, acting much like 
soft paper torn from board which nailed. 

most the joints the beams were bent around toward the girder 
sketch joint the connection 12-in. header the 15-in. 
tail trimmer, made from measurements taken the center line the 
15-in. and characteristic the condition great many 
these connections. 

The bottom flange the beam, being very stiff laterally, maintained 
its line, but the web, which was already weakened coping the top 
flange, was split away from the bottom flange and bent sharply. The 
connecting angles were distorted shown, and the web the 15-in. 
0.41 in. thick were drawn much in. out line. The 
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rivets these connections were all sound and had cut out. 
The rivet holes the distorted webs the beams generally showed 
cracks the edges the convex side. 

course impossible deduce any quantitative results from 
test material made under such conditions, but the number 
pieces, the diversity conditions and the general uniformity re- 
sults furnish some definite average values the relative strength 
few structural details when brought the point failure. 

Considered reference the particular instance and type 
structure which they were observed, these facts have application 


Fie. 16. 


whatever. Any standard floor-beam connecting angle probably 
ample strength subjected only such treatment will receive 
But the accident subjected some these connections 
such strains rivets, angles and bolts are often expected resist 
other places, the steel framing and column connections 
high office buildings, some deductions have been drawn with reference 
their application where they may seem appropriate. 

The facts observed show conclusively: 

That for any twisting, wrenching bending strain rivet 
far superior the ordinary bolt. 
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That the tension value three steel rivets 
distort the web 15-in. 41-lb. in. out line without 
failure the rivets, and also far excess the bending resistance 
the metal connecting angle. 

That tension strain transmitted across the root angle 
from one leg the other will cause bending and distortion the 
angle and bring eccentric tension strain the nearest line bolts 
rivets, and that under such action, angle light in., the 
second row rivets will not act till the first row has failed. 

That eccentric tension strain will readily cause bolt fail 
bending breaking the thread, while the steel rivet will stand 
considerable distortion without failure. 

That well-riveted steelwork will stand, even under jar 
and shock, excessive amount abuse and distortion before actu- 
ally separating into individual pieces. 

These facts are entirely accord with theoretical analysis and are 
recorded here because they are facts, and because they apply directly 
what might called some the units structural work. 

The rivet tension has always been object suspicion and 
distrust; would seem consistent equally discriminating 
some other details often used; notably the bolt tension, the dia- 
phragm plate resisting thrust tension, and the thin connecting angle 


under cross-tension strain. 


While measure the force the wind the first considera- 
the engineer, the application this force, and the more imme- 
diate influences and causes governing it, follow closely point in- 
terest. The volume destruction and the many apparent vagaries 
the destructive agent will justify brief résumé such experimental 
knowledge seems have direct bearing the subject, particu- 
larly some the results obtained from laboratory tests models 
seem find confirmation the full-size test applied Nature the 
buildings. 

Wind has been defined merely the flowing away air from 
from the lightest breeze the most disastrous hurricane take their 
rise irregularities the distribution the atmospheric pressure, 
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whether these irregularities originate the temperature aqueous 
The velocity the wind, and, consequently, the force exerted 
it, must depend largely the difference the atmospheric pressure 
any two points and the distance between them. 

The relation between the flow air and the pressure exerts 
surfaces exposed its action expressed the generally accepted 
the velocity miles per hours, and constant, affected tem- 
perature and barometric pressure, which must determined 
experiment. Notwithstanding the many careful and elaborate experi- 
ments made determine verify this general formula, the value 
assigned the constant covers wide range. The United States 
Weather Bureau has adopted the value making the 
formula 0.004 generally accepted value 0.005, while the 
experiments Whipple and Dines England give the value 0.0029, 
variation nearly 25% either way. 

the values this constant have nearly all been determined from 
velocities not over miles per hour, and is, moreover, the 
general opinion nearly all investigators that the law pressure- 
velocity variations found experiment with whirling machines 
correct only within the range speeds covered those experiments, 
the values deduced from the lower velocities not being safely applic- 
able higher velocities, follows that any formula must accepted 
giving only very broad average result for velocities about 
miles per hour, and only the most general approximation for veloci- 
ties much higher. 

Any formula expressing the relation between the pressure and 
velocity the wind must based the assumption that the air 
uniform current. All experiments the open air show 
that the actual conditions are far different, and the great diversity 
the observed results due largely the continued and rapid fluctua- 
tions the velocity the winds. The extent which this gusty nature 
characteristic the wind all times and the allowance made 
for when using the formula convert wind velocity into pressure, 
appears more clearly the detailed results the experiments made 
Professor Marvin Mount Washington, determine the 


See Wind Pressures Engineering Construction,” Bixby, Engineering News, 
March ith, 1895, 
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value the constant the formula now use the United States 
Weather Bureau. 

The pressure exerted the wind plates respectively sq. 
and sq. ft. area were carefully measured delicate self record- 
ing mechanism for velocities ranging from miles 48.5 miles per 
hour. the wind was measured the standard Robin- 
son anemometer placed about ft. higher than the center the pres- 
sure plate and recorded electrical contacts every fifty revolutions 
the cups, equal one-tenth mile wind movement. 

The following statement results taken verbatim from the re- 
port Professor Marvin: 


The records the pressure and velocity the wind were, there- 
fore, automatically and simultaneously recorded the same sheet 
paper. The curve pressures, can called curve, presents, 
spite the comparatively rapid rate rotation the register, 
very irregular appearance indeed. The oscillations except for 
occasional instants, correspond harmonic vibrations the spring 
and pressure plate vibratory system, but are actual and real 
changes wind pressure. The magnitude these variations is, itself, 
very irregular, but may stated approximately much 
the mean pressure. There is, addition these very rapid 
variations the pressure which take place inside second two 
time, other variations which through their irregular changes 
from few several minutes’ time. 

These circumstances led the following method reducing the 
observations. The traces the record sheets were divided into portions 
representing, generally, four five minutes time, and during which 
the conditions were, some extent, constant. The traces the press- 
ure were all gone over hand and red-ink line drawn through the 
pencil mark such manner get mean curve. this only 
those variations which were such short period that the pencil marks 
were too close together distinguish were evened up. All changes 
larger periods were followed accurately. The next step consisted 
carefully measuring the area each subdivision, including, 
course, everything between the red-ink trace and the line zero press- 
ure. This measurement was very satisfactorily made small 
planimeter. The mean pressure now quite accurately found divid- 
ing the area the length the base the diagram. The mean 
wind velocity corresponding the same portion the sheet de- 
termined from the simultaneous record the anemometer. The large 
number observations obtained this way have been grouped 
sets corresponding the velocity, and final mean determined. 


* Annual Report, Chief Sigual Officer, 1890. Report upon Wind Pressures. 


BAIER TORNADOES. 257 


engineering purposes this formula gives very closely, 
think, the actual pressures corresponding velocities computed 
the logarithmic formula, applied the Robinson anemometer, and 
this the instrument almost universally used measuring wind 
movements. Where the Robinson anemometer, having its dials 
graduated read miles, used, the observed velocity can easily 
reduced the true velocity.* 

the strains which engineering structures may 
subjected the winds, the maximum pressures are, course, the 
most important. The above formula gives mean pressure corre- 
sponding mean wind velocity. important note that 
momentary pressures much excess the above mean 
pressure may continually occur and recur. their rate occur- 
rence all synchronous with natural time vibration the 
structure any part thereof, remarkable effects may follow.” 


further and more definite evidence the irregular and gusty 
action the winds found the experiments Professor 
comparing the ordinary records velocity with the actual 
motion the winds. The velocities the wind, recorded the 
United States Weather Bureau, are measured the standard Robin- 
son cup anemometer, which practice made register only the 
completion the passage each mile wind. the instruments 
are necessarily made strength and weight adapted continuous 
and general service, their momentum renders the motion the cups 
more uniform than that the wind. The records, therefore, give 
about the average velocity each mile wind, but not show the 
intermediate variations due sudden gusts. determine the rate 
and extent these fluctuations velocity, Professor Langley con- 
ducted series experiments with standard anemometer recording 
every five revolutions, and with special anemometer made sensi- 
tive that would start and stop almost instantaneously with the wind. 
This latter instrument was made half the usual diameter, and fitted 
with paper cones place metal cups, the weight and moment 
inertia being less than that the standard anemometer. Elec- 
trical contacts were made every half revolution, recording the veloc- 
ities several times second. Observations were taken Allegheny 
City and Washington high points free from irregularities due 
trees, houses inequalities the ground different days, and 
table 
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light moderately high winds ranging velocity from 
miles per hour. The experiments show clearly that even the ordinary 
and comparatively uniform wind but succession gusts vary- 
ing intensity. The results the observations are shown graphically 
series diagrams, one which, selected characteristic 
example, reproduced Fig. diagram actual record for 
ten minutes showing the rapid changes that take place the velocity 
the wind. 

The observed points represent the wind’s velocities computed 
from intervals between each successive contact, and for convenience 
are connected straight lines. 

The heavy line through represents the ordinary record 
the wind’s velocity obtained from standard Robinson anemometer 
registering every mile, during the observations recording the passage 
miles wind about minutes The velocity, which 
was nearly miles per hour the beginning, fell during the course 
the first mile miles per hour and rose the end the second 
mile miles per hour. 

The records the same wind made every second with the spe- 
cially light anemometer show that, starting with miles, rose 
within ten seconds velocity miles, and within ten seconds more 
fell its initial speed; then rose within thirty seconds velocity 
miles per hour, and with alternate risings and fallings, 
one time actually stopping—passing through eighteen notable maxima 
and many notable minima, the average time each rise each 
fall being little over ten seconds, and the average change 
velocity this time being miles per hour. There were addition 
almost innumerable smaller variations which the drawings cannot 
depict. 

prominent feature presented the diagram that the higher 
the absolute velocity the winds, the greater the relative fluctuations 
which occur it. high wind the air moves tumultuous mass, 
the velocity being one moment perhaps miles per hour, then di- 
minishing almost instantaneous calm and then resuming. 

Since the air elastic and nearly perfect fluid, subject con- 
densation and rarefaction, and its motion practically without fric- 
tion, the successive velocities any given particle are reality the 


result incessant changes all directions, and these continuous 
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alterations which make the wind are due past impulses and changes 
which are preserved and die away very slowly. 

these irregular movements the wind which take place, up, 
down and every side, only small portion, viz., those which occur 
narrow current, whose direction horizontal and whose width 
only the diameter the anemometer, can noted the 
However irregular the movements may appear the diagram, they 
are far less than reality, and anything like fairly complete 
graphical representation impossible. 

result these observations Professor Langley reaches the 
conclusion that ‘‘the wind not even approximately uniform 
moving mass air, but consists succession very brief pulsations 
varying amplitude, and that relatively the mean movement the 
wind, these are varying directions.” 

Regarding the direct effect wind pressure buildings, some sug- 
gestive results were obtained Professor Kernot* with apparatus 
devised determine the relative pressures the wind flat plates, 
cubes, cylinders and other forms similar those employed ordinary 
construction. steady jet air ins. cross-section was di- 
rected against small models supported very delicately arranged 
carriage running accurately leveled surface plate, the force 
exerted being measured delicate spring balance. From large 
number experiments made with this apparatus found that the 
pressure sloping roofs agreed with the results theory only when 
the air could blow freely underneath. With the model placed 
wall, ordinary building, the air was deflected upward and 
greatly reduced the pressure the roof; the effect was more marked 
when parapet was used. the case 30° pitch, with 
parapet 0.16 the height the roof, the pressure was actually reversed, 
the roof having slight tendency lift. were tried 
the effect the wind blowing the open end building 
ing the sides and other end completely closed, and was found that 
there was internal pressure, tending lift the roof and force out 
the sides, which was equal the pressure the wind the exposed 
end. When plain surface, parallel the wind, was brought nearly 
into contact with the cylinder, the pressure the latter was increased 
nearly 20%, owing the lateral escape the air around the cylinder 


* Engineering Record, February 10th, 1894. 
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being checked, showing that tower chimney will subjected 
much greater pressure there building nearly touching one 
side. The variations pressure caused the proximity other sur- 
faces were very marked; each surface appeared affect the pressure 
the other surfaces distance front equal its own breadth, 
and the rear equal several times this distance. Behind flat sur- 
faces eddies were found exist which caused other surfaces placed 
behind them urged forward with considerable force. 

The existence suction the leeward side surfaces bodies 
exposed the wind has been generally recognized, but the experi- 
ments Mr. Irminger,* Danish engineer, made determine the 
amount such suctions, shows present unexpected ex- 
tent. The measurements were made the use hollow plates and 
models thin sheet iron exposed air duct ins. cross- 
section, various angles and positions, velocities ranging from 
miles per hour. 

The bodies were supported hollow axis closed one end 
and connected the other with pressure gauge, the axis commun- 
icating with the interior through series holes. The surfaces 
experimented with had series holes which were exposed suc- 
cession, one time, the air current and recorded the effect the 
wind, whether pressure suction. this way both the total effect 
and the percentage that was pressure suction was obtained. 

Although the small size the models may give rise some ques- 
tion the exact values obtained, the characteristic features the 
experiment are marked and seem generally confirmed 
the effect the wind buildings St. Louis, that the results are 
reproduced here some length. 

was found that with the wind blowing against the plane small 
angles, say from 5°, the total effect was due entirely suc- 
tion the leeward side, the pressure the windward side being 
zero. With the wind blowing angle 10° long and narrow 
planes the total effect was found that due normal 
wind suction, and 87% this was due suction. With increas- 
ing angle between the wind and the surface acted upon, the effect due 
suction was reduced, but never became less than that is, the 


maximum percentage pressure alone was never over per cent. 


Engineering News, February 14th, 1895. 
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the table are given the results different-shaped prisms the 
cross-section shown. the total pressure against the plane sur- 
face, the height which 45% this total pressure due 
pressure the windward side, and 55% due suction the lee- 
ward side. Similarly, the percentage pressure and suction given 
for different bodies, well the ratio the total effect bears the 
total pressure plane surface. the case the cylinder, which 
was examined boring single hole and revolving gradually 
through 360°, was found that pressure existed only through are 


HORIZONTAL WINDWARD SIDE LEEWARD SIDE 


DIRECTION PRESSURE 
0.79p 


n 
bho 

@ 


70° the front the cylinder, the remaining four-fifths the 
surface the cylinder showing suction action. 

The most interesting result was that found for roof sloping 
angle 45°, shown Fig. 18. The pressure the windward 
side was maximum the eaves, and became zero near the top, chang- 
ing suction the ridge. The effect the leeward side was 
uniform suction. Taking the normal pressure plane the same 


dimensions equal the proportional effect the windward side 
was found pressure 0.11 and the leeward side suc- 
tion The resultant effect the total roof was force 
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times large the pressure the windward side alone, and was in- 


clined upward, exerting strong lifting action. another experi- 


ment made with the model building covered dome, the 
resultant the pressure and suction upon the dome was found act 
vertically upward. 

The results these experiments show that the wind acts di- 
rection quite different from that generally assumed and usually pro- 
vided for the designing bridges, roofs and buildings. The 
evidences St. Louis confirm this conclusion. 


Fic, 18, 
IV. 


The immediate cause tornadoes and some the characteristic 
phenomena attending their occurrence are well established from 
numerous records observation funnel-shaped clouds and sand 
storms land, and water spouts sea. The knowledge the 
internal relations velocity and pressure are dependent the gen- 
erally accepted mathematical theory* William Ferrel, supple- 
mented occasionally recent years the records self-recording 
meteorological instruments that may near the vicinity such storms. 

The conditions favorable tornado are unstable equilibrium 
mulated under the colder and heavier strata above. The lower strata 
finally bursting through the upper one some point and starting 
upward flow, the region ascending currents kept warmer and con- 
sequently rarer, long supplied with air nearly quite satu- 
rated. The latent heat which given out the condensation the 
vapor the rising and expanding air necessarily keeps the general 
temperature far above what would otherwise be. 
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The great effect which the presence aqueous vapor the rising 
air has its temperature more clearly seen the illustration 
assuming mass air sea level temperature 27° Cent. and 
pressure 750 mm., transported upward without the addition 
subtraction any heat and noting the change undergoes tem- 
perature, due the expansion under diminished pressure and conse- 
quent cooling. Assuming the three conditions, dry, half saturated, 
and fully saturated air, the temperature various elevations and 
corresponding pressures given the table.* 


| 
Elev. 0.° m, | 1280 m, 


| Pres. 750 mm. 640 mm, 


| 


2 600 m. 3 750 m, 5 550 m. 
344 mm. 472 mm. 375 mm. 


Dry Temp. = 27.° C. 13.3° 
Half saturated ... = C, 13,3° 


The dry air and the half-saturated air expand and cool equally 
until the dew point the latter reached altitude 280 meters, 
the temperature each being reduced that level 13.3° Cent. 
The fully saturated air, kept warmer the latent heat the moist- 
ure, which continually condensing, has the much higher temperature 
21.2° Cent. With further elevations, the dry air reduced tem- 
perature zero altitude 600 m., but the half-saturated air, 
having passed its dew point, has now been kept warmer latent heat 
and has temperature 6.5° Cent., the fully saturated air being 
temperature 15°. The temperature the half-saturated air 
becomes zero altitude m., and the fully saturated air 
not cooled zero until altitude 550 reached. 

From any slight disturbing cause, the rising currents soon run into 
rapid gyrations about the center, which generally extend from above 
downward, the process being inversion the familiar comparison 
the case water shallow basin running out through hole the 
center. The centrifugal force this rapidly revolving pillar air 
causes rarefaction and consequent cooling the air near the center 
which condenses the vapor and forms the water-spout, the familiar 
funnel hanging from the base the cloud. Unless the whirling motion 
has reached the ground and drawn dust and débris, the outline 
the funnel represents theoretical line equal pressure and equal 


Values the table read from Hertz’ Graphical Solution the Adiabatic Process” 
Frank Waldo. 
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temperature, the inflowing air uniform degree saturation; 
or, general, may considered the locus the dew point condi- 
tions the ascending and revolving aircurrents. With increase 
yelocity, the rarefaction extends further down, and the funnel lowers. 
The funnel always indication the gyratory motion the air, 
but not necessarily measure its action. With various degrees 
saturation, different funnels would appear for the same velocity 
gyration. With partially saturated air and the central part the 
column sufficiently rarefied and cooled near the point conden- 
sation, small change the gyratory velocity will cause the funnel 
suddenly appear throughout the whole length, quickly disappear, 
making apparently drop down from the clouds and draw back again 
capricious manner. With the air near the point satura- 
tion, the cloud will appear very low, and slight relief pressure 
cause general condensation which the funnel not distinguish- 
able. Such were probably the conditions St. Louis, the relative 
humidity the air was 0.94. 

The water spout shown Plate which was observed near 
Cape Cod, represents exceptionally perfect example the 
phenomenon, and illustrative the theory. occurred about 
12.45 o’clock warm and sultry day, lasted about minutes and 
then disappeared, and was followed after several minutes second 
spout, which dropped down from the clouds nearly the same place, 
but was not large and lasted only short time. There was prob- 
ably but one column gyratory air, which became invisible towards 
the end, when the air the center became denser, due reduction 
velocity; but with further increase the velocity, from some cause, 
the rarefaction and condensation would again follow and the air 
the center again become visible, appearing the observer, however, 
second and different spout. The photograph was taken 
estimated distance miles, some six ten minutes after the 
spout had been formed. The regular diameter and outlines the 
column and its almost stationary position indicate high degree 
uniformity the conditions the immediately surrounding atmos- 
phere. There was great agitation and boiling the water the 
base. The column was estimated about mile high and 300 ft. 
diameter. The irregular form and progressive motion the second 


Reproduced from photograph copyrighted Mr. Chamberlain. 
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spout show the less uniform conditions which prevailed near the end 
when the energy had been nearly exhausted. 

The equations deduced Ferrel are based assumed conditions 
friction, either between the currents air different velocities, 
between the revolving air and the surface, gyratory velocity very 
great compared the velocity the radial ascending currents, 
and continuity action sufficient allow the gyratory motions 


GYRATORY VELOCITY IN MILES PER HOUR 
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become uniform. This purely theoretical treatment gives enormous 


velocities near the center with very low pressure, and very rapid 
change for both velocity and pressure for varying distances from the 
center, which, Ferrel repeatedly cautions, must greatly modified 
for the effects friction. With the gyrations brought the surface, 
the velocities the inflowing air currents are very small, the cen- 
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trifugal force tends keep them out. account for the great 
velocity ascending currents, Ferrel assumes that the friction the 
surface will greatly reduce the gyratory velocity, and consequently 
the centrifugal force there, and allow the side currents rush into 
and rise the central space low pressure. The pillar revolving 
air, with hollow center extending nearly, but not quite, down 
the surface, acts like chimney through which the surface currents 
rush with extreme velocity. 

illustrate more clearly the conditions existing tornado, the 
tabulated results for one anumber examples worked out Ferrel 
have been plotted, and are shown Thevertical 
line represents the axis the tornado. The vertical ordinates the 
upper curve give the theoretical gyratory velocities miles per 
hour, varying inversely the distance from the center, and the vertical 
ordinates the lower curve give the theoretical reduction pressure 
millimeters, each corresponding the distance from the center 
the tornado, laid off the horizontal line. The extreme values near 
the center are wholly theoretical and would very much modified 
friction. The pressures the base would probably more nearly rep- 
resented the dotted line. The high velocities and corresponding in- 
tensity pressure reached even approach these theoretical re- 
sults convey idea possible destruction that may somewhat mis- 
leading regards its amount, when considered reference struct- 
ural work buildings. The destructive work done the winds must 
depend, not only the velocity the air, but also upon the volume 
motion. The volume air having this high velocity very limited, 
the same mass revolving around very often. The time one revolu- 
tion for various particles air, computed for the velocities and dis- 
tances from the center taken from the curves, appears the 
following table and shows this more clearly: 


Velocity—miles per hour. Distance from center, Time of one revolution. 
Feet. Seconds. 
100 730 34.2 
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150 485 13.8 
200 370 7.9 
300 245 3.5 
400 180 1.9 4 
500 145 1.23 
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Assuming, for illustration, that imaginary rigid plane, extend- 
ing any height above the surface, were suddenly thrust into tornado 
the center, the pressure any point that plane would such 
corresponds the velocity and density the particles striking 
that point, but would last only long the time one revolution 
such particles. this case pressure due velocity 120 miles. 
would last 21.7 seconds, while pressure due velocity 500 miles 
would last only seconds. This true degree whenever tornado 
encounters any considerable obstruction its path. The pressure 
due these high velocities may exerted continuously small ob- 
jects, but only for brief periods large and rigid bodies. 

needless say that any theoretical discussion dependent 
perfect uniform conditions that are Nature; but the 
results may taken represent which the actual occurrences 
are more less similar and rare cases attain, this instance 
the water-spout. Even this case the equations would apply only 
the body and have largely modified for the base the spout, 
where the conditions were not clearly defined. 


THEORY AND EXPERIMENTAL RESULTS THE ST. 


The indications the St. Louis tornado point condition similar 
the theory given Ferrel, very largely modified for surface con- 
ditions friction. The very low barometric readings suggest the 
interior conditions the tornado while the destructive action the 
surface does not show evidence that extreme force observed some 
other tornadoes and which would necessarily accompany the gyratory 
velocities required produce such fallin pressure. Assuming even 
approximate flow air from all sides into the storm center with the 
velocity recorded the Weather Bureau, that is, about miles 
minutes, the resulting volume air disposed enormous. 
The existence very low pressure the axis the tornado, allowing 
the ready escape the air upward, would draw the surface and 
might account for great inflow from all sides. 

this instance, commonly the case tornadic action, there 
were probably several tornado whirls, more less completely de- 
veloped, but not extending quite the surface, which passed over the 
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district and created area very low pressure, with resultant influx 
lateral air currents very high velocities from all sides, the latter 
being probably the immediate cause most the destruction. The 
records the Louisville tornado, given the Weather Bureau re- 
ports, show that most the damage there was due the lateral cur- 
rents toward the center. The general indications and sequence 
well-established incidents show very clearly that the damage the St. 
Louis Bridge was caused lateral currents rushing into the vortex 
which passed the south side the bridge progressed east- 
ward. 

Allowing for the heavy proportion the damage due 
débris acting projectiles, and the direct action the wind 
blowing one wall and successively taking out the others, there still 
remains large percentage destruction which was the result the 
explosive action due the difference pressure the air the 
inside and outside buildings. There were numerous instances 
partial destruction which showed this action very clearly. The im- 
mediate cause for this difference pressure matter some 
speculative interest. 

The great reduction atmospheric pressure the center 
tornadoes possible cause. While, however, the possible destructive 
action variations pressure enormous, the extent which 
realized dependent entirely upon the rapidity the change. 
the rate change gradual enough allow the confined air 
escape and equalize the pressure inside the house, there will 
damage due this cause. That this change pressure more 
less gradual process evident from the fact that the variation 2.4 
ins. the mercury barometer, which equivalent 168 lbs. per 
square foot, would, instantly applied, completely burst open any 
ordinary house. 

The fact that the low reading the aneroid the storm was 
noted before the advent the extremely violent wind, and also the 
marked effect the barometer the Weather Bureau, are further 


indications that this change pressure was gradual one the 
instance. Assuming that the effect possible reduction ins. 
the atmospheric pressure, measured mercurial barometer, 
felt the distance mile, and that the tornado moves the rate 
miles per hour, the entire variation pressure would effected 
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any one point minutes. equalize the pressure for such 
change, about one-tenth the air confined building must escape. 
For ordinary room, say ft., having capacity 000 
cu. ft., this would mean 300 cu. ft. minutes, 
average rate 200 cu. ft. per minute. this rate assumed not 
uniform, but having possible maximum some time twice that 
amount, the flow must 400 cu. ft. per minute. Under difference 
pressure per square foot, the flow air through 
ordinary 6-in. stove pipe may about ft. per minute. Through 
open fireplace with ordinary 9-in. flue, the flow air may 
000 cu. ft., single window with opening in. will accom- 
plish the same result. house that entirely closed, the ordinary 
sense the word, would have amount leakage through the doors, 
windows, chimneys ventilating flues that would far equalize 
any but the most sudden change pressure. 

The observations Prof. Langley show that the wind under ordi- 
nary conditions subject continual fluctuations velocity varying 
from 20% from the average, and that these variations become 
greater higher velocities. The conditions prevailing tornado 
must give rise the most violent local action the wind. The in- 
ternal irregularities which are caused the motion great volumes 
air rushing with accelerated velocity towards common center are 
rendered still more complex the usual presence aqueous vapor 
its critical point with the attendant dynamic changes due the 
expansion, cooling, condensation and latent heat. The presence 
the air the aqueous vapor, with these transformations gradually but 
continually going on, recognized meteorologists chief cause 
local disturbances the atmosphere. storm with the air 
the point saturation will cause much greater damage than one 
under similar conditions intensity wind, but with the air 
dry, noted previous discussion* before this Society, further 
evidence the greater irregularity the wind due this cause. 
the velocity the ordinary wind will vary 50% from the average, 
probable that the velocity the inflowing currents air 
the base tornado may vary locally from nothing double the 
average more, and that there may be, any point, momentary 
calm followed immediately surging mass air with velocity 


* Transactions, Vol. xxxiii, p. 214. 
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approaching equal that due the gyratory motion the tornado 
itself. When these irregularities the wind are further complicated 
the effects the broken surface conditions due the houses and 
streets closely built city, with the attendant obstructions, eddies 
and deflections the currents, the motion the air must become in- 
finitely complex and capable almost any vagaries. 

The apparent inconsistency frequently seen weak and frail 
structure with equal exposure escaping close the general destruc- 
tion stronger building the most conclusive evidence the un- 
equal action the wind. 

the characteristic effects the wind, known observation 
and experiment ordinary velocities, are maintained and correspond- 
ingly intensified for the high velocities attained for brief periods over 
limited areas this gusty and irregular action, the destruction 
readily explained. 

The familiar sight the little whirlwinds that suddenly appear 
windy day, and move along the road street for few minutes, 
picking leaves, dust, paper, give but faint idea the possible 
effects the many local whirls, varying magnitude, that must 
continually formed when the atmosphere such extremely agi- 
tated and unstable condition. The meeting sharp extreme gusts 
wind will create whirl with instantaneous fall pressure over 
small area the axis, the latter being not necessarily vertical, but pos- 
sibly horizontal any inclination. such whirl formed with 
the axis against building, the sudden relief pressure over very 
small area will cause immediate explosion part the building. 

The wind blowing into building will quickly pack the air and create 
pressure and blow out the weakest accessible part, either wall 
roof. This particularly effective with large high spaces unbraced 

The suction found present the leeward side obstructions 
the wind may account for great amount damage. wind with 
average velocity only miles per hour might under extreme 
conditions have fluctuations 120 160 miles per hour. Assuming 
the values found Irminger approximately correct, such wind 
blowing over the top past the side angle against building 
would give suction Ibs. per square foot, acting instan- 


taneously and giving time for the pressure equalize. The same 
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experiments show that the wind blowing over the sloping roofs 
generally found churches will create suction that tends raise 
the covering off the trusses, occurrence that was observed 
numerous instances. The frequently observed stripping patches 
slate out sloping mansard roofs also readily accounted for 
this action. 

The very general and repeated evidences the variable action 
the wind suggest the desirability further observations veloc- 


recorded shorter intervals than the nominal passage every 


mile wind customary meteorological practice. wind 
registering every seconds necessarily interpreted represent- 
ing uniform velocity about miles per hour, while reality 
there may velocities 100 miles more several suc- 
cessive gusts five twenty seconds’ duration, long enough over- 
come the inertia the heaviest structure. these destructive 
velocities that chiefly concern the engineer, and any deductions 
pressure made from ordinary velocity records may very 
misleading. 

The valuable records the Weather Bureau could made 
more service the engineer supplemented knowledge such 
fluctuations from the average velocity may exist severe storms 
and under varying conditions temperature, humidity baro- 
metric pressure. Such information could readily obtained any 
the regular stations occasional observations recorded 
additional chronograph adapted such service. 

The salient features the St. Louis tornado may summarized 
follows: 

The passage local area extremely low atmospheric pressure 
accompanied great inflow violent and gusty lateral air cur- 
rents, with intensity pressure estimated lbs. per square 
foot one instance, and per square foot another. 

general the intensity pressure increased greatly with the alti- 
tude. 


Much the destruction St. Louis was undoubtedly caused 
intensity wind pressure that would neither possible nor 
expedient provide against ordinary structures, but much 


we 


was also due weak construction. general observance the 
ordinary requirements for good building work would largely decrease 
the damage due such storms. The great amount explosive ac- 
tion was largely due the comparative weakness ordinary walls 
against pressure exerted from the inside buildings. more effi- 
cient anchorage the walls might limit this explosive action the 
windows. numerous instances the windows were blown the 
windward side, while the entire wall was blown out the leeward 
side. Brick walls are materially stronger well bonded with the 
joints filled with mortar, and wall laid cement will un- 
doubtedly withstand greater lateral force than one laid lime 
mortar. worth noting that the walls the buildings the 
Union Depot Railway plant left standing (Fig. Plate were laid 
cement, while the older buildings, which were entirely wrecked, 
had walls laid with lime mortar. The great damage done the 
churches calls attention the great exposure the steep and lofty 
roofs supported high and comparatively thin and unbraced walls. 
Heavier buttresses independent steel column supports, with bracing 
for the roof trusses, would materially increase the safety such 
structures. general, the buildings with large areas unbraced 
walls have suffered most. 

The lofty office buildings common the large cities represent 
expenditure money that justifies careful provision against any de- 
struction that may arise from even exceptional wind pressures. ‘The 
question what would the effect tornado these high 
buildings one that has probably occurred every engineer and 
architect. 

The periodic prevalence these storms emphasized the recent 
calamity St. Louis, the destruction Louisville 1890, and 
asimilar storm Little Rock 1894, and Kansas City 1886, gives 
somewhat broader public interest this question, and appears 
call for its serious consideration. The evidence the work the 
wind St. Louis suggests immediate answer the question 


that will depend largely upon the nature the metal framework 
the building. 


The high office building represents the outcome evolution 
architectural and coretructive design dictated the commercial neces- 
sities the age. The tendency the concentration business in- 
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terests within small areas, the excessive high values land, and the 
necessity realizing adequate return the investment, demand 
building with many floors and the maximum rentable space each 
floor—a high building with thin walls. The replacement the 
exterior masonry the lighter veneer curtain walls and the conse- 
quent gain available floor space has been made possible the use 
iron steel framework, primarily introduced carry the verti- 
cal loads only, but gradually modified and strengthened accordance 
with increasing recognition the need providing lateral strength 
and stiffness against wind and other destructive forces. There still 
exists, however, great diversity the treatment this feature the 
design. 

The metal framework building somewhat generally called 
retained this special sense, convenient distinction can 
made some restriction their use suggested the words them- 
selves. 

Skeleton term clearly descriptive that type construction 
which was first applied, simple framework columns and 
beams whose efficiency dependent largely the existence ex- 
terior walls and partitions which brace the building, and hold the 
framework position, just the utility the human skeleton 
dependent the covering sinews and muscles that hold the com- 
ponent parts together. the other hand, the light framework 
ordinary wire cage bound into one compact unit suggestive 
inherent strength and elastic resistance that renders any covering 
incident rather than necessity. Cage term peculiarly descriptive 
that type construction represented the most advanced and ap- 
proved practice, framework columns and beams, spliced the 
joints, riveted the connections, stiffened efficient bracing 
rods, portals and gussets that makes independently safe against 
any external force, leaving the thin and light exterior walls with 


duty except that providing protection and ornamentation for the 
building. 


The effect extreme wind pressure high office building 
with curtain walls must depend largely the extent which the 
frame that building partakes the nature the skeleton type 
the cage type construction. 
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The possible work destruction tornado may appear more 
clearly if, Ferrel suggests, the column rapidly revolving air 
likened flue, with heated and rarefied itsinterior. the 
access air cut off from the lower central part the shell gyrat- 
ing air extending down the surface, the lateral currents and 
ing currents the interior will violence, but with somewhat 
free access air below into the rarefied interior, account de- 
crease friction the gyratory velocity near the surface, the inrush 
lateral air currents becomes extremely violent and the velocity 
the uprush air the interior becomes enormous. the former 
the destruction mainly due the excessively high gyratory 
velocities; the destruction complete, but the path narrow. the 
condition that may prevail open country with but few objects 
destroy the energy the tornado. the latter case the destruction 
largely due the violent lateral inrushing currents. The path 
wider, and the force not extreme. the condition which must 
prevail any compactly built city, owing the great friction the 
air arising from the irregularities due the many buildings. 

The first high isolated building encountered will feel the full 
the gyratory velocity, but the resistance the building 
destroys this velocity and the work destruction wrought that 
building must represent equivalent diminution energy the 
lower section the tornado, which can only renewed its further 
unobstructed progress during such appreciable time necessary 
restore the gyratory velocity. succession high buildings will 
prevent such recovery velocity. 

The destructive power tornado massive building work due 
these excessively high gyratory velocities therefore soon ex- 
hausted, but the wind pressures due the violent currents rushing 
from all sides are only intensified thereby. 

tornadic storm with well-developed whirl should pass through 
the section any city containing very high buildings, the general 
level the top the lower buildings becomes equivalent 
the ground and seems fair assume the result the 
same general action that has been found near the surface, modified 
intensified its irregularity according the degree uniformity 
the general height the majority the buildings. There may 
the extreme pressures due the gyratory velocity the tornado 
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proper exerted over limited area and fora very limited time. There 
will far wider zone lateral inrushing winds high velocities 
lasting throughout the progress the tornado and attended the 
additional complications that may arise due the concentration 
air currents the deep valleys formed the streets between the 
buildings. The probable result would extremely variable and 
intense action the wind about the tops the lower buildings, the 
same action concentrated locally about that level the higher 
buildings, accompanied with general severe pressure over the entire 
exposed area the latter, this latter pressure probably being max- 
imum near the top least some distance above the general level 
where the friction not great. 

characteristic feature the St. Louis tornado, and one which, 
judging from records and published views, also common other 
tornadoes and violent hurricanes, the general destruction the 
ordinary brick and stone walls. Regardless the sequence which 
they may explode outward are blown inward, and possible 
difference opinion whether the explosion due plenum, 
suction, the essential fact remains that the walls 
very generally fail. 

Assuming similar action the wind, the buildings average 
height will probably have the walls the top exposed corners de- 
stroyed, or, particularly weak, may shaken down. The buildings 
average height would very liable have part the walls 
any level blown office building with the curtain 
walls one more stories removed would support the remaining 
enveloped superstructure precisely the manner the grain elevator 
before was struck the storm. 

If, now, the building the pure skeleton type, will have only 
the elements stability that existed the case the elevator—its 
weight—above the floor question, and possibly some additional 
bracing more less uncertain value, and under the action 
even such pressure may exist some distance from the vortex 
the tornado, will fail, just the elevator failed; will topple over 
and fall one side towards one corner the floor below. Instead, 
however, landing massive stone foundation, the thousands 
tons weight the three, four six stories, the case may be, the 
upper section the building will fall with crushing force, con- 
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centrated the leeward side, the section below. The heavy oak 
girders under the leeward edge the elevator were mashed into 
bundle splinters, while the windward edge was held some distance 
above the foundation. the striking force freely falling body 
equal the product its weight multiplied the distance through 
which falls, about ft. the case office building falling one 
story, the resulting pressure some the columns may easily 
ten twenty times the load they were designed carry and several 
times their ultimate strength; the result must collapse part 
all the lower section, with possible toppling over the upper 
section one side into the street lower adjacent building. 

the building the cage type, will stand safely under 
wind pressure that will destroy the skeleton building. While the 
failure the walls any story may reduce the rigidity somewhat, 
cannot affect the strength framework designed without plac- 
ing any dependence the covering. Such framework will readily 
carry the lateral stresses from the upper section the section 
below. 

the pressure should reach destructive intensity, the exact 
line yielding cage frame not clearly defined. The tend- 
ency lateral displacement will maximum some one story, 
depending the distribution and cumulative effect the wind 
pressure aided possibly the weakening due localized failure 
walls partitions. the frame gradually varying strength 
from the top down, the distortion can hardly confined one level, 
but would probably involve the members the adjacent stories, the 
effect being general racking leaning the building. With strains 
near the ultimate strength, the failure some point may concentrate 
distortion that level, and the upper section the building may 
pushed one side and ultimately settle down the floor below. 

The essential difference lies the fact that wind sufficient force 
and duration push the upper section building one side dis- 
tance about equal the width column may cause total destruc- 
tion skeleton building, while cage under the same circumstances 
may suffer only local damage that can possibly repaired com- 
paratively small cost. skeleton building, the instant the columns 
are pushed beyond the critical balancing point, the weight re- 
versed its action from element safety almost unresisted 


q 
{ 
§ 
q 
a 
| 
a 
al 
| 
‘ 


278 BAIER TORNADOES. 


element destruction. With cage type construction the weight 
the building after some displacement has taken place also acts with 
the wind destructive agent, but not unresisted. The work that 
must done necessary bending, twisting and general distortion 
and breaking the metal the columns and beams must largely 
absorb the energy the falling mass and have the effect letting 
settle down springs. The local peculiarities the building, the 
unequal distribution the wind pressure, and the changing direction 
the wind, make more than probable that such failure will not 
symmetrical, but will have torsional effect the upper section 
the building. 

However difficult foresee the many possibilities, safe 
assume that one way another the framework will hang together 
sufficiently prevent any considerable part the building from fall- 
ing down bodily buildings below. Even under the most 
extreme conditions difficult conceive how such building, ora 
large part it, can entirely collapse. The general destruction 
windows and walls will greatly relieve the wind pressure, the frame, 
partly bent, twisted and distorted, must still hold together. The 
chances are that most the occupants will escape alive and many 
uninjured. The most striking feature the St. Louis tornado the 
countless number hairbreadth escapes and the very small number 
people killed inside houses unless the entire collapse 
the structures incredible may seem, under such extreme con- 
ditions, the fatalities attending only local failure building are 
comparatively few. 

The effect destructive wind pressure any high building with 
curtain walls may assumed approach that outlined above pro- 
portion its framework partakes the nature skeleton 
type construction, using these terms the restricted sense indi- 
cated this paper. 

The destructive effect the total collapse buildings has been too 
frequently noted require further mention. The method failure 
the grain elevator, taken connection with the view the wreck 
the skeleton framework Fig. Plate VII, indicates what might 
happen high building the pure skeleton type brought the 
point failure. The assumed action the cage type building 
dependent efficiency general design, and particularly the 
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detailing connections which can readily attained the necessity 
for recognized. the absence any definite tests full-size 
typical details used the structural work buildings, the action 
the metal under extreme distortion must estimated from the results 
shown sample specimens, verified occasional opportunities 
notice its behavior under accidental tests great severity that may 
caused collisions derailments near bridges and viaducts. 
The riveted joints mentioned earlier the paper show what may 
expected details involving similar principles design. 

The possibility high office building being actually subjected 
destructive wind pressure has often been considered largely the 
light theory. The St. Louis tornado passed within less than 
mile the office buildings that city. Fortunately made test 
the buildings, but has left some definite evidence the possible 
force the wind and the action this force the materials 
construction. While raises anew the question the amount 
wind force which should provided for designing high buildings, 
raises with more emphasis the question the method provid- 
ing for this force after its amount has been assumed. Any dependence 
placed curtain walls and partitions for lateral strength open 
very grave question. The rigidity imparted building the 
simultaneous action the total mass material under ordinary con- 
ditions indication the ultimate strength that may developed 
critical moment, and the very general failure the walls under 
extreme wind pressure further destroys any certainty such assist- 
ance might otherwise relied upon. The elements safety 
against wind force, exclusive the strength that may come from the 
walls and partitions where they exist, are the stability due weight 
alone, stability due the strength and stiffness the frame, and, 
when the force sudden one, the inertia the mass resisting 
motion. 

may interest estimate just how sudden and how shortlived 
the force must justify placing any dependence the inertia the 
structure for safety. The force required set motion and move over 
given distance any mass, otherwise balanced, capable exact compu- 
tation the time allowed for such motion known. The equation 
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total force, the weight moved pounds, the distance moved over 
feet, the time seconds, and 32.2. 

The following table, computed from this formula, gives the force 
required overcome the inertia ton Ibs. and move 
varying distances times varying from one second thirty seconds. 


Force Pounps THE INERTIA AND Move 


Distance Movep. 


lin. | 3ins, | 6ins, | 1 ft. 2 ft. 4ft. | 6ft. | Sf, | 10ft. | 16.1 ft, 
0.3 31 62 124.22 | 248 | 497 745 994 1242 | 2000 
2.6 7.7 | 15.6 | 31 62 124 186 248 310 500 
1.15 | 3.4 6.9 | 13.8 27 55 8&3 110 138 222 
0.64 | 1.94 | 3.9 7.7 15.5 31 46 62 77 125 
0.41 | 1.24) 2.4 4.9 9.9 19.8 30 40 49 
0.28 | 0.86 | 1.72| 3.4 6.9 | 13.8 20.7 28 34.5 55 
0.16 | 0.48 | 0.97 | 1.94 3.8 1.7 11.6 15.5 19.4 31 
0.10, 0.31 | 0.62) 1.24 2.4 4.9 74 9.9 12.4 20 
0.046 0.14 | 0.27 | 0.55 1,10 2.21 3.3 44 5.5 8.9 
0.026 0.078) 0.155) 0.31 0.62; 1.24 1.86 2.5 3.11 5.0 
0.012 0.035 0,28 0 55 0,83 1.10 1.38 2.22 


Assuming illustration the weight ton suspended 
pendulum very long cord, then swing ft. one second 
will require force 124.2 while the mere pressure will 
accomplish the same result the time allowed seconds, about 
the average duration gust wind Professor Langley’s experi- 
ments. Applying the figures the table the case narrow build- 
ing, say ft. wide, and assuming the upper section 100 ft. high 100 
ft. long, having thus exposed area 000 sq. ft., weigh 000 
tons, then the force necessary simply overcome the inertia and move 
this part the building the respective distances in. ft. 
ft., various intervals time, equivalent pressure per square 
foot the exposed areas follows: 


1 second....... 5.2 Ibs, per aq. ft. 62.1 lbs. per sq. ft. 
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These figures will readily indicate how great resistance the inertia 
building may offer the motion necessary overturn 
under the action brief gust wind, and how comparatively little 
this resistance becomes such motion necessary merely 
push over its supports. overturn the building seconds 
pressure Ibs. per square foot necessary give the neces- 
sary motion addition the force required overcome its stability. 
The resistance inertia for movement ft. against gust five 
seconds duration will 2.5 lbs. per square foot, and for seconds 
will only 0.6 lb. per square foot. For shorter periods the value 
inertia becomes very high, but may the other hand entirely 
overbalanced the cumulative effect the vibrations the build- 
ing acting rhythm with the pulsations the wind. Experiments 
Chicago buildings under heavy winds show the time com- 
plete vibration about two seconds. The resistance inertia 
the destructive effect brief but intense pressure, such due 
the gyratory velocity the vortex tornado, fortunately very 
great. 

Stability due weight alone proportional that weight and 
the breadth base the support. Its value element safety 
most definite one, and may sufficient. Considered with refer- 
ence overturning, large elevator building may safe beyond 
all question, yet with reference its column supports the same 
structure may comparatively unstable equilibrium, relatively 
small movement the center gravity will throw out balance. 
The total force required overturn building given weight 
increases directly with the breadth that building, but the total 
force required push over its supporting columns constant 
depending solely upon the height and breadth base those columns, 
and independent the dimensions the building, the number 
supporting columns, the material they are made of. Any 
structural member that used simply prop support can have 
only such value incident that use, whether made wood, 

The elements strength and safety inherent well-designed 
cage built the proper material, with all its members thoroughly 
riveted together, are present that frame greater less degree, 
until torn cut apart piece piece. steel frame built 
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safe for wind pressure per square foot proportioned unit 
strains one-half the elastic limit would probably withstand pressure 
from per square foot before the frame yields. This range 
depends largely the care with which the connections have been 
detailed, the extent which possible unequal settlement the 
foundations has already overstrained the frame, and the reduction 
the effective surface exposed the wind the destruction the 
walls the panels between the framework, leaving part the wind 
blow through unresisted. 

The details construction that provide strength and safety 
against assumed wind pressure are the first importance. The 
subject this paper, however, suggests further consideration 
these same details construction assuming that they may strained 
wind pressures beyond their safe limits. building never 
under any circumstances fail, the problem completely solved 
soon designed stand under the assumed pressure. Assume 
that may some day brought the point yielding, and immedi- 
ately some pertinent questions arise the possible results. 

While the destruction and loss the upper section building 
may matter serious consideration the owner, the disposition 
which tornado would make that section the building may 
equally more serious matter the adjoining property-owners. 
impossible foresee the extreme force the elements imprac- 
ticable from economic reasons provide against them entirely, cer- 
tainly rational make such modifications design will reduce 
the possible disaster and damage toa minimum. very material in- 
crease safety this direction can generally secured com- 
paratively small additional expense, depending largely the attitude 
the designer the problem. The design building sub- 
jected safely given wind pressure and never any more definite 
problem involving only arbitrarily fixed working stresses. design 
that same building for the same condition safety but with the fur- 
ther recognition the fact that may exposed destructive press- 
ures and with effort develop the ultimate strength and resistance 
the material the cage resist those pressures, problem that 
will develop some additional considerations. 


destructive lateral force exerted against the upper section the 
building will not lost dissipated but must follow some well-de- 
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fined path till reaches the foundation. building fail later- 
ally, then the ultimate strength members under the action lateral 
forces becomes the first importance. Upright members are 
simply columns, but are more properly considered vertical 
beams carrying some initial load, and, viewed that light, must have 
all the essential elements good beam. The unequal straining and 
successive failure the rivets, due their unsymmetrical distribution 
the connections, may become important element the design 
when the stresses are sufficient overcome the averaging effect 
the frictional resistance. The relative values the ultimate elastic 
limit stresses may suggest details the connections somewhat dif- 
ferent from those indicated the fixed ratios assumed working 
stresses. 

brief analysis possible results applied the definite 
stances and conditions any particular building may suggest probable 
failure along one several well-defined lines, and readily suggest 
modifications that will materially increase the strength the struct- 
ure, least define and limit the amount destruction. 

The amount metal required for efficient system wind brac- 
ing but small part the weight the metal the entire frame, 
and the cost the only about 10% 20% the expenditure 
for the entire building, exclusive the site. The cost the wind 
bracing can represent, therefore, only very small proportion the 
total capital invested. When considered that any additional 
metal used strengthen the cage precaution against wind force 
equally effective against possible damage due earthquake shocks 
the unequal settlement the foundations, and also additional 
margin provided against the weakening effect corrosion, the slight 
increase cost must appear trifling compared the amount 
the entire investment and the additional protection secured for the 
property. 

somewhat unfortunate that the merits the design the 
framework are not readily apparent the investor, and that this 
part the structure necessity immediately covered and per- 
manently concealed from view. the difference strength and 
security due the construction the frames some these great 
buildings were generally evident, as, for instance, the difference 
strength due the varying thickness solid masonry walls was 
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older forms construction, there would probably more general 
recognition the part the owners the need securing the 
best type framework. 

discussion the safety high buildings applicable other 
high structures, such chimneys, shot towers, water towers, etc., 
and suggests that the development the cage construction build- 
ings its present advanced type makes equally available for other 
structures the kind named above. Monuments built with con- 
sideration expense will find ample security their weight, but for 
any high structure which cost and security are both 
the cage type construction thoroughly applicable and may have 
special advantages. The saving material the walls, and par- 
ticularly the foundations, may more than equal the additional cost 
the steel work when designed for the same strength and security. 
The objection any open tower built structural metalwork 
city the score its inherent ugliness removed adopting such 
treatment the architects have developed the design high office 
buildings. Any shaft high structure that has lines stability 
can readily supported steel cage that will not interfere with its 
outlines, with probably great gain safety. 

The amount wind pressure provided for the design 
high buildings will doubt variously estimated, depending 
the weight given the judgment the designer and the owner 
the building the probability exposure such pressures. The 
statistics the frequency tornados given the appendix show 
that the possibility their occurrence cannot entirely disregarded 
without assuming some appreciable risk. While the atmospheric 
conditions which are favorable their formation are more frequent 
some regions than others, impossible feel assured entire im- 
munity from their occurrence any city. Tornadoes usually 
local manifestations accompanying severe storms great extent. 
the date the Louisville tornado there were ten others the four 
adjacent States. April and 12th, 1893, there were nineteen 
tornadoes ten States attending severe storms, reaching from Missis- 
sippi Michigan. The St. Louis tornado was but one number 
accompanying general storm that moved through Missouri and 
nois. far known was not more violent than many others that 
have been observed. Its great destructiveness was merely incidental 


oe 
te 
we 
vw 
ye 
» 
he 
be 
1 


BAIER TORNADOES. 285 


the fact that its path crossed territory embracing large and 
closely built city. gave evidence that wind pressures existed 
square foot over considerable areas. Whatever the actual distribution 
may have been, the effects were those such pressures uniformly dis- 
tributed over the areas the respective structures. These pressures 
were measured their results exactly the same manner which 
they are ordinarily assumed act, with the consequent elimination 
all uncertainties usually involved readings pressure gauges 
deductions from anemometer records, and they are that extent 
positive and definite. addition, there were indications that press- 
ure somewhere from lbs. was quite general over compar- 
atively wide area in, adjacent to, the path the storm, and that 
the pressures higher altitudes were more severe than those 
measured. 

view these facts appears the author rational assume: 

the safety and interests the community and the 
owner the building require recognition wind pressure 
least Ibs. per square foot against the exposed surface the build- 
ing, with additional local provision for several stories 
near the top; and that this amount should safely taken care 
some positive and definite provision the construction the frame. 

Second.—That the vast interests stake, the amount capital in- 
vested and the comparatively small additional expense necessary would 
suggest the owner the desirability increasing the provision 
Ibs. per square foot. 

Third.—That the other uncertain elements safety due the 
ultimate strength the material, the inertia the mass, and the 
bracing effect walls and partitions, should recognized only pro- 
viding against the uncertain and possible higher pressure the wind 
which may occur. 


The chief justification much that seems bold questionable 
the construction some high buildings lies the fact that, 
yet, none have failed. the safety such great structures 
determined entirely the logic the fitness the survivor, based 
brief and favorable experience, rather than rigid analysis, 
tried and accepted principles engineering design, may ultimately 
lead some very deplorable results. 
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such test the little summer pavilion Lafayette Park must 
take precedence over the approach the Eads Bridge, for survived 
the tornado and standing yet. 

The author indebted Mr. Willis Moore, Chief Weather 
Bureau, and Mr. Frankenfield, Local Forecast Official, for their 
continued courtesy furnishing the use records and information 
that department; Mr. Fredericks, President Board 
Assessors St. Louis, for the data relative general storm damages, 
and many others, too numerous mention, for their kind as- 
sistance securing much the detail information that appears 


_the paper. 


THE TORNADO MAY 1896, ST. LOUIS, MO. 


Monthly Weather Review.* 


The tornado which passed through St. Louis late the afternoon 
May 27th was the culmination protracted period abnormally 
high temperatures, intensified during the latter portion the time 
unusually high humidity. From April 9th May 27th, both inclu- 
sive, period forty-nine consecutive days, the mean temperature 
St. Louis varied from 21° above the normal. 

o’clock, May 27th, the weather map showed the pressure 
low throughout the West. The position the state Missouri 
the southeast quadrant the storm area, combined with the isother- 
mal conditions, the high humidity, and the high temperatures, indi- 
cated the occurrence severe local storms within short time. St. 
Louis o’clock, the pressure was 29.92 ins., the temperature 70°, 
and the relative humidity percent. 140’clock the barometer had 
commenced fall rapidly, and the winds had changed southeast, 
with slowly increasing velocity. The fall pressure was intermittent, 
but the persistent, and o’clock the reading was 29.59 
ins., fall 0.28 in. since noon, and fall 0.09 in. during the twenty 
minutes immediately preceding. The winds continued from the south- 
east with gradually increasing velocity until 17.45 o’clock, when they 
changed east-northeast, with sudden increase velocity, reaching 
miles per hour from 17.55 o’clock. 


* Records are given in standard time, which is 1 hour 1 minute faster than local time. 
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15.45 o’clock the temperature commenced fall, and o’clock 
had fallen The clouds slowly increased density, and 
15.55 o’clock the sun was obscured. The character the clouds 
changed about this time cumulus, but very peculiar formation. 
The whole sky was compactly covered with small cumuli almost per- 
fect hemispherical shape, but with the rounded portions underneath. 
Their color was dark gray, with deep shadows the sides farthest 
covering stratus, which commenced assume light green color 
the extreme northwest, spreading more toward the west and north. 
Thunder and lightning commenced 17.06 o’clock, and rain the form 
large, scattered drops, 17.43 o’clock. there was 
marked increase the violence the storm, although from 18.10 
o’clock the winds changed again southeast, with decreased velocity 
from miles per hour. During this period the barometer 
rose 0.08 in., 29.67, and fell almost instantly 0.10 in., 29.57. 
again rose 0.10 in. less than five minutes 29.67. During the 
next fifteen minutes (to 18.30 o’clock), fell 0.31 in., 29.36, and 
then instantly rose 29.76. then continued series 
sharp oscillations from 0.05 until o’clock, when 
the oscillations became smaller, ceasing finally midnight, when 
steady rise 

The winds 18.10 o’clock once more changed suddenly, this time 
180° the northwest, and with greatly increased velocity, reaching 
miles per hour from 18.15 18.20 o’clock, with extreme velocity 
120 miles per hour 18.18 o’clock. 18.20 o’clock the direction 
once more changed, this time the northeast, with decided decrease 
velocity, falling miles per hour 18.55 o’clock. 

The storm entered St. Louis from the west. The time, nearly 
can estimated, was 18.10 o’clock. 

The path through the city was almost exactly due easterly 
direction, reaching the Mississippi River, about miles distant, 18.20 
showing progressive velocity about miles per hour. 


* Note added by Mr. Frankenfield, June 23d, 1896: ‘‘ I have just learned of the height of 
the barometer, within a reasonable degree of accuracy, in or very near the center of the 
track the tornado the time moved through Lafayette Park. was this park that 
the storm was at its height. An aneroid barometer, with a metrical scale, was brought to 
me to be reset, and I was informed that it was the property of the widow of the late Richard 
Klemm, ex-Park Commissioner of this city. The family live on Missouri Avenue, imme- 
diately fronting the park, and ason of Mr. Klemm read the barometer as the storm struck 
their place, He called the attention of his mother to the remarkably low reading, 680 mm., 
26.78 ins, Allowing for difference elevation and reduction sea level, this would 
indicate reduced reading 27.30 ins., 2.05 lower than observed this 
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CORRECTION FOR OBSERVED WIND VELOCITIES. 


The velocity the wind very generally measured some form 
the Robinson cup anemometer. From early experiments was 
found that the distance passed over the center one the 
ing cups would, multiplied three, give about the velocity the 
wind, and the wheels and recording dials the instrument were 
geared read wind velocities directly taking into account this 
factor reduction. Later experiments have shown that with anemom- 
eters the size commonly used this ratio erroneous, and the 
indicated velocities are about 20% too great, but change has been 
made the recording device and the wind observations published 
the various meteorological institutions the present time have 
only relative, but not absolute, value. Itis very probable that many 
experiments the relations wind velocities wind pressures have 
been made which this anemometer correction has not been properly 
applied.” 

Professor Marvin has determined the correction applied the 
readings the standard form anemometer used the Weather 
Bureau. expressed logarithmic formula which the 
following table taken from his report Wind Pressures computed: 


WIND VELOCITIES INDICATED ANEMOMETER. 


[Miles per 


Indicated velocity. 0 1 


All observers the United States using anemometers similar 
construction those the Signal Service will find the values the 
above table much more accurate than those commonly used. 
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TORNADO STATISTICS. 


The characteristics tornadoes, the general meteorological condi- 
tions favorable their formation, and statistics relative their fre- 
quency, place occurrence and essential details, have been made the 
subject careful study and record the Weather Bureau. 

The reports Lieutenant Finley, published Professional 
Papers the Signal Service No. VII and XVI, give the results 
his researches relative tornadoes prior 1881, and special study 
made those occurring the year 1884. The data for tornadoes, 
1889-1896, have been recently compiled under direction Mr. Willis 
Moore, Chief the Weather Bureau, and are published the annual 
data volume the Bureau for 1896. These reports treat the subject 
great detail, and the following facts have been abstracted from 
them: 

The earlier records, which are necessarily incomplete, show that 
there were least 580 tornadoes prior 1881, and that this number 
505 the period eight years, from 1874 1881, and 135 
were unusually destructive. the year 1884 there were 180 tornadoes. 
the period eight years, 1889-1896, there were 368 tornadoes occur- 
ring 207 days; these storms were very destructive. More 
than the property loss the eight years fell these days. 
The remaining 10% was distributed throughout 183 days which tor- 
nadoes greater less occurred. The great tornadoes 
the past eight years have averaged about three per annum. Lists 
very destructive storms for the years previous 1889 aver- 
age three per annum.” 

The number and the violence tornadoes bear definite relation 
their destructive effects, the latter are largely incidental the 
place occurrence. the $24 000 000 property loss tornadoes 
during the past years, $12 chargeable less than 
half hour’s destruction St. Louis, Mo., and East St. Louis, 
May 27th, 1896, and over 000 000 the destruction Louisville, 
Ky., March 27th, 1890. 
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DISCUSSION. 


lightning never strikes twice the same place, the same cannot 
said tornadoes, for 1871, when the speaker was St. Louis, 
tornado passed over nearly the same course that described the 
paper. locomotive weighing tons was overturned, and 
was roughly estimated that known pressure the wind could 
done this; apparently the only explanation the occurrence was the 
formation partial vacuum. heavy sleeping car was also carried 
some ft. and overturned. Fortunately, the section the city most 
affected the recent tornado was not built the time first men- 
tioned, and the bridge over the Mississippi, although planned, had 
not been constructed. 

Past-President Am. Soc. E.—Mr. Knap 
has done well mentioning the earlier tornado, account which 
given Professor Woodward’s history the St. Louis Bridge. 
This earlier tornado possibly saved the bridge from being destroyed 
the tornado 1896, very heavy wind truss having been added 
the original design, the result the observations made the 
effects the earlier tornado. 

The speaker was Kansas City his way St. Louis when the 
tornado 1896 took place. was very hot day, and suddenly late 
the afternoon the temperature fell very rapidly; the general con- 
ditions indicated violent storm, but trouble occurred that 
neighborhood. This mentioned simply show that the disturbing 
meteorological conditions were felt over distance. The 
speaker left Kansas City 20.45, and when miles out heard the 
trouble St. Louis. reached St. Louis about hours after the 
tornado; the following day walked through the devastated dis- 
trict. was impressed with the fact that there was great deal 
destruction, and that there was great deal learn, but felt that 
could understand comparatively little. The larger part the 
buildings destroyed were flimsy construction; the brick walls had 
been ins. thicker, had been laid with cement instead lime 
mortar, and the millinery mansard roofs, and such other decora- 
tions, had been left out, the destruction would probably not have been 
one-tenth what actually was. one building, which was pretty 
thoroughly destroyed, the partition walls, about ft. apart, were 
only ins. thick; such destruction proves nothing; was unfor- 
tunate for the people who lived this building, but was the duty 
these walls give away under very moderate strains. However, 
buildings were destroyed which were fairly well built, and there were 
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evidences wind pressure which might have been disastrous even Mr. Morison. 
the best built work. 

The Burlington Freight Station was built the speaker. The 
roof was light iron construction, with wooden covering rafters 

and boards. The light steel trusses were riveted series heavy 

columns which were proportioned resist wind pressure both 

directions, and were anchored masonry foundations which were 
carried down rock, less care being taken with the foundations 

the other parts the building. part the iron work which 
was dependent these columns stood perfectly and was not injured; 

the trusses, which were very light but adapted withstand equally 
upward downward forces, were unhurt. Observations that time 
seemed show conclusively that roof should designed resist 
upward pressure almost quite equal the downward pressure 
which customary provide for. The new St. Louis Union Depot 
was entirely uninjured, though the top elevator near was 
taken off. The tornado fact did not strike the depot; the roof 
the car shed that depot designed carry weight, but not fitted 
resist upward pressure; the tornado had struck it, would 
probably have been destroyed. 

The speaker saw nothing which seemed proof that vacuum 
existed the center the tornado. There were number houses 
which the pressed brick fronts were taken off, but the vacuum 
caused wind passing around sharp corners might have been enough 
provide for this. 
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CORRESPONDENCE. 


Am. Soc. the writer’s home was the 
path the storm and was partially destroyed, had abundant 
opportunity study its effect and has tried reason the operat- 
ing causes. general can only say that thinks the author has 
come near rational explanation these causes, and the method 
their manifestation, possible reach with the present 
edge the subject. common consent among the St. Louis engi- 
neers, the author was urged write account the great tornado 
for the Society, being one whom they would have implicit con- 
fidence, both his facts and his deductions from them. The 
writer, therefore, commends this paper including about all that can 
now said with profit engineers and architects, the St. Louis 
tornado, and the lessons learned from the matter struc- 
tural designing. The partial vacuum produced high winds over 
roofs and the leeward side buildings, together with the pressure 
inside buildings produced the universal breaking windows 
the windward sides, would seem sufficient explain nearly all the 
lifting roofs and the outward falling walls the St. Louis tor- 
nado. The explosion theory, commonly spoken of, does not seem 
necessary explain the phenomena, and this requires extremely 
sudden reduction pressure become effective, the writer inclined 
discredit generally operating cause. 

Some important rules practice, therefore, the design build- 
ings would seem 

First.—Roofs and roof trusses should designed resist up- 
ward (internal) force about per square foot over and above 
the weight the roof itself, and they should anchored the walls 
strongly enough resist this lifting tendency. 

Second.—Side walls should well tied the floor and partition 
systems, resist those internal wind pressures resulting from 
the breaking windows the windward sides buildings. 

these two rules had been followed the construction the 
buildings which were partially wrecked St. Louis May 
27th, 1896, the writer believes large proportion them would have 
escaped with little more loss than that resulting from broken win- 
dows and fallen chimneys. 

Eayrs, Am. Soc. E.—The tornado which forms the 
subject the paper followed almost the same path that March 
8th, 1871, which occurred during the construction the bridge. The 
earlier tornado was much more severe than the recent one, several 
empty freight cars were blown through the air for several hundred 
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yards, and locomotive the Wabash Railroad was lifted bodily Mr. Eayrs. 
from the track and thrown upon its back the ditch several feet dis- 

tant from the rails. was consequence the destruction wrought 

this tornado that Captain Eads modified the wind bracing the 

Eads Bridge, substituting for the wooden structure originally designed 

horizontal steel truss ft. wide. The wisdom this change was 

shown the recent storm, the bridge was not damaged seriously, 

although there were evidences that was under very severe strain. 

examining the buildings damaged the tornado last year, the 
writer was particularly impressed the poor character material 
and workmanship revealed. Even the masonry the east arcade 
the St. Louis Bridge, which had the appearance great solidity, 
proved not what would now considered first-class work. The 
principal defect this work appeared the joints, which were made 
mortar which, apparently, lime predominated; some joints, 
moreover, trowel marks were visible, indicating that the mortar had 
partially set before the stone was placed its bed. 

almost every brick building examined the writer, the mortar 
was found inferior quality and the joints only partially filled. 
many instances the pressed brick fronts the more modern and 
expensive houses were stripped from the backing, peeling off like 
sheet veneer, with bond whatever between the face and the 
backing. 

illustration what well-built brick masonry can stand, even 
when situated the vortex the tornado, the two towers which flank 
the east end the east arcade may cited. One forms the north- 
east corner, and the other the southeast corner, the arcade. The 
former lost only the roof, one floor and the windows, the walls being 
uninjured; the latter, which shown Plate III, Fig. was in- 
jured the fall heavy iron smokestack, which split the walls 
the two upper stories. The towers are ft. and ft. high; the 
walls are ins. thick the base diminishing the 
stories, and are built hard burned brick laid Louisville cement, 
with every joint flushed. 

computing the wind pressure required overcome the stability 
the walls the east arcade, the author has proceeded two as- 
sumptions, neither which, the writer’s opinion, fully satisfies the 
conditions. The deck was undoubtedly lifted first, and thus produced 
thrust upon the south wall, throwing over. This wall carried with 
the cross-girders, which, being fastened the coping the north 
wall, dragged over. will noticed, referring the dimensions 
given the paper, that the overhang the coping the south wall 
threw the center gravity near the outer face, position least sta- 
bility; and under this condition wall ft. high, and but ft. thick, 
with poor cement the joints, would overthrown comparatively 
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slight thrust the top. That there was very strong upward com- 
ponent the wind this point, shown the manner which the 
deck the spans was stripped, and the cracks which appeared the 
thick paint skin the junction the main tubes with the couplings, 
The longitudinal girder, referred page 230. was evidently lifted 
bodily least ft. vertically, and this disturbance the deck might 
itself throw down the south wall. seems the writer, therefore, 
that somewhat hasty assume that there must have been wind 
pressure least lbs. per square foot against the wall. 

The bridge was evidently the vortex the tornado, for the gyra- 
tory motion the air was shown the position the débris. While 
the wreckage was mostly carried the southeast, some was car- 
ried northeast. The smokestack standing the north side the 
east arcade was blown northeast, and two panels fence, ft. long, 
from the center the bridge, with 16-in. stringers attached, were 
carried about 800 ft. northeast their original position. 

One feature the general destruction particularly noticeable was 
that walls generally fell outward, phenomenon which has been noted 
previous tornadoes, and explain which various theories have been 
advanced. all explanations which have come the writer’s notice, 
one important fact has been generally overlooked. far the greatest 
damage done dwellings, and those inferior type this 
shown conclusively Table No. the paper. this class 
structures, the floor beams the different stories and the ends the 
rafters are not fastened all the walls, and consequently takes 
less pressure from within force the wall outward than would re- 
quired force the same wall inward the floor beams act struts 
prevent the wall from falling inward. only natural, therefore, 
that the walls should fall outward. 

Undoubtedly the walls are forced outward difference press- 
ure between the air within the building and outside, but, the 
writer’s opinion, this difference pressure caused not the ex- 
istence partial vacuum outside the building nor suction, but 
the air which forced into the building the violent wind. 
explain the phenomenon noted the existence partial vacuum 
outside, would necessary suppose the difference pressure 
take place instantaneously. The instance cited the low aneroid 
reading Lafayette Park, which was the center the track the 
storm, and therefore position where the vacuum would have the 
greatest effect, militates against the vacuum theory, since the 
tion the house did not occur until some minutes after the low read- 
ing was noticed. progressive motion the storm was about 
miles per hour, noted Mr. Frankenfield, there would suf- 
ficient time for the pressure within and without any building 
equalized. 


| 
q 
q 
q 


CORRESPONDENCE 295 


would seem more reasonable suppose that the violent inrush 
air towards the center the tornado condenses the air the por- 
tion the house most exposed the wind, and thus forces the walls 
out. this tornado the duration the extremely violent gusts was 
sufficient condense the air quite appreciable degree. The 
stripping patches slate tile from roofs, well the peeling 
brick stone facing from the walls the houses, may readily 
explained this manner, the air being driven under the slate into 
the interstices partially filled joints brickwork, with sufficient 
force tear the covering loose. 

does not seem the writer necessary, his observation 
the effects the tornado under discussion warrants, assume the 
existence suction account for the phenomena. Whatever lab- 
oratory experiments may show, the action suction, exists, 
due solely difference pressure between the windward and lee- 
ward sides the object. There were many instances walls being 
undoubtedly blown out the leeward side the wind entering 
the building from the windward side, and this simple explanation 
holds good many cases, would seem reasonable that should 
hold good all. 

The most instructive part the paper the discussion the prob- 
able effect tornadoes high buildings. The accuracy the 
author’s reasoning and computations can only tested another 
tornado, experiment which those who have been through such 
experience are not anxious see made. The distinction made the 
author between the skeleton and the cage types such structures 
agood one. view the strength riveted connections and their 
superiority over bolted connections, the common type hitherto, 
shown the wreck the factory building illustrated Plates VI, 
and VII, would seem scarcely credible that well-designed cage 
structure, with proper wind bracing and all connections riveted, could 
utterly collapse. The yielding the steel members and connections 


would probably gradual and localized that the occupants 


the building would have opportunity escape. 

Am. Soc. E.—The subject the paper one 
very great interest the general public and the profession, but 
the engineer possesses specific scientific value, inasmuch 
establishes new maximum for the intensity wind pressure. For- 
tunately for mankind, the opportunity for witnessing such full-size 
tests destruction seldom occurs, and even more rarely offers any 
means accurately gauging the actual energy the moving mass 
air. The writer quite familiar with most the structures de- 
the paper, and nothing short their actual destruction 
force the wind would have induced him believe they could 
destroyed. This fact makes him realize more fully the great 
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pressure the wind than would the mere statement its intensity 
pounds per square foot. 

The writer was Louisville, Ky., within few days after the 
tornado which passed over that city March 27th, 1890, and in- 
spected many the structures which were then destroyed, but failed 
observe anything which would give more than general conception 
the force the wind. 

The deductions made the author the relative value 
bolts and rivets, used fastening together various members 
metallic structures, will much value designers such 
structures correcting the theories some and confirming those 
others, but believed that the greatest good the growing 
out the study the paper will realized changing many 
the designs for tall buildings, now common, adapt them 
resist lateral forces better. Much has been said and written this 
subject those who have observed the entire absence any provision 
for other than vertical forces, but apparently with few beneficial re- 
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far. Itis hoped, therefore, that the facts the St. Louis 
tornado recorded the author will induce radical change this 
respect, the collapse tall office building large city would 
calamity now invited many the existing structures, but too 
horrible the possible destruction human life contemplate with- 
out effort avoid its probability. large percentage the tall 
buildings now being constructed the large cities derive their lateral 
stability almost wholly from the inertia the mass materials used 
their construction, and the apt illustration the pendulum given 
the author very forcibly emphasizes how small this resistance fact. 

Jun. Am. Soc. became the writer’s task 
some few years ago examine iron structure wrecked the wind, 
and find out what members could used rebuilding. number 
points was noted bearing directly some the conclusions men- 
tioned Section the paper. 

This structure was the trainshed passenger station, and was 
destroyed the Louisville tornado 1890. iron, all riveted, 
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and was about 340 ft. long and 154 ft. wide, supported three lines 
posts, with side end covering, thus allowing the air blow 
freely underneath. small portion one end the windward side 
was protected the head house, then under construction. 

The promptness with which the railroad company removed the 
wreck made impossible observe many points that might otherwise 
have been noticed, but such facts the value rivets tension and 
the strength riveted joints under severe shocks were clearly shown. 

The tornado struck the south side the shed, which fell the 
posts failing flexure directly below the knee braces and the bases, 
some cases being torn vertically from the bases, showing that the 
wind exerted some lifting force. The roof trusses were injured only 
when they fell cars, and safe say that had the shed been 
empty the time, little harm would have come the roof 
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proper, even though fell matter ft., such was the strength 
the riveted joints. Fig. shows cross-section the shed, and Fig. 
detail one the post feet; Fig. also shows how the con- 
necting angles tension ruptured while the rivets held, and the 
base plate, together with the portions these angles remained firmly 
fixed the masonry, such was the holding power the ordinary 
notched bolts. Although all bolts did not hold well, the great ma- 
jority did; but few pulling out breaking the thread. 

The great difficulty getting apart even the most severely injured 
joints, which the rivets had cut out, shows clearly the truth 
the author’s fifth conclusion, that riveted joints will stand, even 
under jar and shock, excessive amount abuse and distortion before 


actually separating into individual pieces,” and that applies iron 
well steel. 
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Henry Hazen, Esq.—On the morning May 27th, 1896, 
general storm, with depression pressure its center 29.62 
was central north central Kansas. This storm moved very rapidly 
hours, with velocity about miles per hour. The lowest 
pressure the evening observation, o’clock, was 29.56 ins., 
Davenport, There great many thunder storms during the 
afternoon the southeast quadrant this general storm, but only 
one place, St. Louis, did these assume serious violence. this point 
(including East St. Louis) occurred the most severe tornado ever noted 
this country, causing loss about 350 lives and 000 
property. The author has devoted earnest study this tornado, and 
seems have been tied down pure theories advanced forty years 
ago, which have been somewhat modified more recent studies. The 
actual tornado occurred, nearly can determined, 20.22 
o’clock, and this point time should has been 
shown that all days when there any tornado action the destructive 
storms have motion from southwest northeast, the first track be. 
ginning early the afternoon and each successive track occurring 
later and farther toward the south. Thus Higbee, Mo., the first 
track was noted o’clock, and the direction the tornado was 
toward the northeast. Higbee about 140 miles west-northwest from 
St. Louis. Mexico, Mo., 102 miles west-northwest St. Louis, the 
track was toward the east, and the destruction occurred 16.20 
o’clock. There are some apparent exceptions this rule, abundantly 
established more than score different tornadoes, but all these 
cases there has been confusion with the accompanying thunder storm. 
would seem that any general study the problem necessary 
take into account these peculiar swaths rows destruction 
gradually working the south and southeast the falling tempera- 
ture the evening draws on. 

nearly all descriptions severe tornadoes which have occurred 
daylight has been noted that the inception the violence was 
the meeting two clouds, one approaching from the northwest and 
the other from This characteristic phenomenon 
nearly all tornadoes, and merits most thorough study and analysis. 
evident that the phenomenon continuous one, and that the 
apparent meeting the clouds any one point mere incident 
optical illusion, for the same clouds are seen all along the track for 
perhaps 100 miles. 

All attempts determining whirl from the appearance the 
funnel, scattering leaves, dust and debris the funnel, were 
abandoned long ago for the reason that such action cannot observed 
carefully when one fleeing for safety. necessary look the 
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distribution débris which can studied leisure after the tornado Mr. 
has passed. The writer has seen map giving even approximate 
idea the distribution débris St. Louis, but there are many such 
maps for other severe tornadoes. These maps uniform distribu- 
tion either the direction the track inclined toward the center 
nearly all cases. One the best such maps* was published 
the Iowa State Weather Service connection with the Pomeroy, Ia.; 
tornado July 6th, 1893. this map the north side the track 
shown débris pointing the southeast right angles the 
general track the tornado. This extremely significant fact, and 
when learned that the débris from the northeast lies under that 
from the northwest will seen that the trees and timber must have 
been blown down earlier current from the northeast. not 
very difficult see that the cloud, before mentioned, the right the 
track looking west, causes the first destruction, and afterward thereis 
the general destruction the main track. The writer thinks that the 
evidence straight-line winds and lack definite whirl 500 600 
ft. diameter complete all cases where accurate maps the 
débris have been published. 

There remarkable corroboration this fact observations 
records the Weather Bureau station St. Louis. Very fortunately 
equipped station was only about mile the north the 
track, and the records there may relied on. The winds had been 
strong all the afternoon and blowing from the southeast toward the 
general storm already described. Suddenly, between 18.10 and 18.15 
the wind blew from exactly the opposite direction, from 
the northwest; this shift direction was due the tornado, and the 
indication very plain that the wind was blowing clockwise, around 
area. Between 18.20 and 18.25 o’clock the wind just 
suddenly shifted into the northeast and continued, showing 
outflow from the tornado. The writer regards this the most 

significant fact the tornado, not even equaled the trace 
pressure. 

generally admitted that tornado extreme development 
thundergtorm, and there are hundreds barograph traces show- 
ing rise pressure thunderstorm. Now, how can this recon- 
with number barograph traces showing sudden fall 
tornadoes? The best these perhaps the one Paris, given 
the author, which there was fall the center the 
tornado. St. Louis the fall was about the same, though this 
case nearly mile from the center. the tornado St. Louis 
January 12th, 1890, barograph trace shown which had fall, but 
asudden rise. the Louisville tornado, March 27th, 1890, baro- 
graph Owensboro, Ky., 000 ft. from the track, showed sudden 
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drop and rise, while the same storm, offshot, Cincinnati, 
gave rather sudden rise. has been thought some that sudden 
gust wind would tend draw the air out room the chimney 
and cracks doors and this might cause the sudden fall noted. One 
thing very certain, great caution must exercised accepting any 
theory sudden diminution pressure tornado, that this 
anything more than incident its manifestation. there 
this tremendous fall pressure, what become the winds which 
are supposed blowing 100 150 miles per hour toward the 
seems though funnel, 600 700 ft. diameter, would 
not require more than seconds filled full and running 
over. The author well shows that the force the wind blowing 
cient carry out the wall, and this has been demonstrated again and 
again previously. commonly stated that takes two three 
minutes for tornado pass any given point, and that time the 
change pressure could equalized inside and outside house, 
and indeed this what the author shows. 

The time has not come yet begin positive statement the 
vacuum moving along the earth which does not have violent and 
rather uniform wind blowing toward else counterclockwise. 
Now, hundreds cases has been shown that two objects 
standing side side the center tornado track, for example, 
full and empty barrel, the heavy barrel has been taken and the 
other left. The author gives similar instance. Such occurrence 
that impossible steady wind 300 400 ft. wide. 

The estimates possible wind pressures needed destroy build- 
ing damage are accepted with great caution. certain 
that estimates giving 000 500 miles per hour are entirely errone- 
ous, though seems the author’s estimates are somewhat too 
small. One the best estimates, perhaps, the blowing off 
monument from Wallingford, Conn., August 9th, 1878, 
which wind 260 miles per hour was computed. 

Francis Esq.* —In calling attention the 
damage large buildings from wind, the author renders great 
service the profession, and the writer most earnestly commends 
his thoughtful paper. His warning that wind pressures very 
serious kind must not forgotten one that cannot safely 
ignored, but immediately the question arises what pressures must 
expected, and how they are distributed over large building. 
fair say that present knowledge one these subjects very im- 
perfect. The author has b2en unusually successful his studies 
the ruins St. Louis. Such information has collected should 
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supplemented measurement wind pressures high buildings Mr. Nipher. 
during severe winds. Such measurements have not been made thus 
far, because there was practicable method making them. 

might seem that open tube might projected through 
shutter the windward side house, from which connecting 
tube might lead the external pressure water-gauge within. This 
would application the Pitot tube determine wind pressures. 
This was the method used Irminger the experiments which 
the author refers. This method will serve perfectly the mouth the 
collecting tube faces the wind. Such wind-gauges are much used Eng- 
land connection with wind vanes, which direct the tube the wind, 
but when the axis such pressure tube makes angle with the wind, 
becomes very complicated. Such atube, projecting through 
wall with which its mouth flush, shows, Irminger found, suc- 
tion when the wind strikes oblique angle. This does not 
mean, Irminger concludes, that the air pressure against the wall 
less than atmospheric pressure. means that the tube partially 
exhausted action which utilized the atomizer. This atom- 
izer action affects all Irminger’s work which the author describes, 
and the results are therefore not directly applicable case simple 
wind pressure. 

tube in. diameter and ins. long, made thin metal, 
having one end closed perforated bottom from which }-in. con- 
necting tube rubber led water-gauge, will measure wind 
pressure very accurately its mouth held accurately the wind. 
The tube the water-gauge should inclined that the rise 
100, order increase its sensitiveness. The cistern 
should large enough, that there fall not over for rise 
100 along the gauge tube. wind velocities are measured cen- 


timeters per second, and pressures are dynes per square centimeter, 
then 


where density the air grams per cubic centimeter. 
ordinary temperatures and pressures, velocities are 
miles per hour, and pressures are pounds per square feet the above 
equation becomes 

0.00258 


The writer verified this formula measurements trains, and 
over 000 measurements found the value the constant 
the above equation 0.00251. This method determination 
applies only compression the windward side obstacle. 
wholly eliminates the rarefaction the leeward side. 

the tube turned angle with the wind, the gauge shows 
diminished pressure, and when the angle about 60° the pressure 
zero. Connecting and disconnecting the pressure collector with the 
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Mr. Nipher. gauge shows then effect the gauge. the angle increased, 
isshown. When the angle 90°, and the wind therefore 
blowing across the mouth the tube, the pressure tube shows about 
more fall than the rise when the mouth the tube faces the 
wind. the angle increased, the suction becomes less, and reaches 
minimum when the tube trails the wind. The fall the column 
the gauge then about the rise when the mouth 
faces the wind. any position where the angle exceeds 90°, the air 
within the tube not directly compressed the wind, since the 
mouth shielded the tube. then affected only eddies, 
which curl around the edge the tube, stirring the air within and 
jostling into the air current, which sweeps away until the limit 
exhaustion reached. 

When the deviation the tube less than 90°, component the 
wind velocity effective producing atomizer effects the tube, but 
this component not effective producing pressure against wall. 

These considerations indicate the grounds which objection must 
made Irminger’s conclusions. The writer thinks doubtful 
suction effects are much importance tornado. The walls 
building brace each other internally, and the evidence collapse from 
internal rarefaction wanting, far his observation extends. 
tornado approaches isolated building, the side next the whirl 
the leeward side, and the outside the leeward wall the press- 
ure less than atmospheric pressure. window fails the windward 
side. Immediately the wind pressure that side transmitted 
through the rooms the building with velocity which practically 
instantaneous. The pressures the windward walls are then more 
nearly balanced than before the window broke, but the difference 
pressure the leeward wall thus increased. Above the roof the 
wind also acting fire walls chimneys the leeward wall, and 
here most the damage seems begin. The leeward wall the 
vulnerable point isolated dwelling house. 

moment later the tornado passes, and the windward wall becomes 
leeward wall, and may suffer even greater damage because the fact 
that more fully exposed reason damage the opposite walls. 
this way that the writer has explained the outward falling 
walls the various tornadoes which has studied. 

The author makes very clear that local whirls must exist every- 
where when tornado passes over city, and that these vortices must 
contribute local effects, such were generally observed the St. 
Louis tornado. 

tube pressure-collector, such the writer has previously de- 
scribed, exposed the windward side building, surrounded 
other buildings various distances and having various heights, the 
water column pressure gauge connected with behaves most 
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capricious way. gust wind lasting for ten fifteen seconds Mr. Nipher. 
passes, the rises and falls continually, responding the atom- 
effects the shifting currents around the mouth the tube, 
well the changes pressure the air against the building. What 
desired the difference the resulting pressure the air oppo- 
site sides wall building. The wind compresses the air next 
the building. Wind effects are not interest, except far the 
wind compresses the air with the building, which turn 
exerts pressure against the building. The pressure within the build- 
ing where the air practically rest, can easily measured 
barometer, but placed outside the building and contact with 
the wall, will exposed the wind. itself obstacle the 
wind. The openings leading its air spaces will subject 
atomizer effects, which will vary these air spaces may open out 
the windward the leeward the barometer, and the barome- 
ter enclosed box vessel shelter from the wind, the air 
spaces the box are now the uncertain condition which formerly 
applied only those the barometer. 

The writer designed pressure-collector which eliminates the 
atomizer effects and also the compression and rarefaction effects due 
itself. consists two thin steel disks ins. diameter, such 
are used small circular saws. Each disk ground one side 
knife edge, that when their unground sides are put together, 
the circular edge sharp. Thin brass plates, also ground knife 
edges, cover the central holes the disks, and through these 
plates passes screw which clamps the disks together. The head 
the screw soldered in, make joint. The opposite plate has 
brass tube soldered it, and the brass plate within the tube per- 
forated, that the air within the tube communicates with the thin 
sheet air between the knife-edge saw-disks. These disks are sepa- 
rated layer permeable material, consisting six twelve 
layers brass wire cloth, having 130 wires the lineal inch. This 
layer wire cloth must extend beyond the steel disks in. all around, 
and the edges are bound together over-seam means thin 
German silver wire. The thickness layer six sheets such 
wire cloth 0.047 in. 

The tube this disk-collector connected with the pressure 
gauge. The layerof wire cloth transmits pressures perfectly, but cuts 
off currents air from the mouth the tube which pierces one the 
disks. Atomizer effects arethus prevented. The disk-collector pre- 
sented edgewise the wind holding flat against the building, 
which should not quite touch. The slight compression the wind- 
ward edge the wire bundle dissipated before reaching the steel 
disks, and the same true the rarefaction its leeward edge. 
howling wind, every change the pitch the sound 
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instantly seen rise the water column. rise pitch 
always accompanied rise the column and versa. 

The writer has tested this collector trains with speeds 
miles per hour. The disk was held out the window cylindrical 
rod provided with graduated circle. Setting the disk edgewise the 
wind and making connection with the water-gauge the car, dif- 
ference pressure will usually shown. the gauge the rear 
the car, and windows and ventilators opened each end the 
car, this difference pressure disappears, just does when similar 
experiments are made house with ordinary wind. The disk- 
collector then cleaving the air speed miles per hour, 
but this wind does not affect the pressure-gauge. the hand placed 
just back the disk, the air front the hand will compressed, 
and the result once shown rise the watercolumn. fact 
this device wholly unaffected wind, but responds instantly 
change pressure the air which the disk-collector placed. 

The writer found, also, contrary his expectations, that when held 
any other than edgewise position, the instrument gave practically 
the same results. 

probable that the size the disk-collector can reduced 
diameter ins., and there possibility that can reduced 
in. This would desirable the study the differences 
pressure around the members truss. 

Assoc. Am. E.—As the primary object 
the study the work the tornado was determine the intensity 
the wind pressure exerted, the question raised Mr. Eayrs 
the conclusion reached the author reference the failure the 
arcade the Eads Bridge calls for some comment. 

The objections advanced are: first, that the structure did not fail 
along the lines which its stability was determined; second, that the 
estimate per square foot the minimum intensity the 
wind pressure hasty assumption. 

was not the intention the author advance any detailed 
explanation the exact manner which the arcade was destroyed. 
With the incessant and violent changes, both velocity and direction 
which are always present whenever the air motion, any deduction 
the sequence action the work destruction clearly im- 
possible. known, however, that structure was overturned 
solely the action the wind, and if, further, possible 
make definite estimate its stability along the line least resist- 
ance, then surely the means are hand determine with certainty the 
least pressure which must have been exerted the wind over the area 
question, whatever the actual pressure its distribution its line 
action may have been. 

Such were the conditions the case the east arcade the Eads 
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Bridge. All details the dimensions the structure, the weight Mr. Baier. 


the materials and details construction were obtained the author 
from careful personal inspection, and were presented the paper 
minute detail, order allow any reader make independent 
analysis the conclusion drawn the author seemed unreasonable. 
The masonry was built blocks stone the full width the wall, 
and account was taken the tension value the mortar the 
joints, the stability against overturning being estimated for the dead 
weight only, the case dry wall. The computations are 
the most elementary nature, and introduce uncertainties. The re- 
sults are dependent solely the accuracy the data. 

The author, therefore, wishes emphasize the claim that the final 
deduction lbs. per square foot the minimum intensity 
pressure which must have been exerted the wind the east arcade 
the Eads Bridge, way hasty assumption, but must 
accepted fact, unless disproved some actual computation 
made conformity with the essential facts the case. 

The assumption made Mr. Eayrs that the decking alone was 
lifted first clearly error, since each girder was secured the 
decking bolts, and simply rested turn the side walls, un- 
secured any anchorage whatever. All indications show clearly that 
the girders were carried away with the decking, and the instance men- 
tioned the discussion, the longitudinal girder raised verti- 
can explained other rational way than that the girder 
hung the decking and was raised with it. the weight the floor 
varied from lbs. lbs. per square foot, the lifting the same 
would itself require oblique upward wind with intensity 
pressure much greater than lbs. per square foot. 

Beyond the immediate effects wind pressure structural work, 
the subject tornadoes belongs rather the province the meteor- 
ologist than the engineer. brief explanation the mechanism and 
action the tornado has, however, been presented the paper, 
partly explanation the general conditions attending such storms 
and partly bring out more clearly the limitations the fall 
pressure the partial vacuum formed the center the storm and 
the very high velocities the wind, several hundred miles per 
hour, which are frequently referred meteorologists, and tend 
create the impression that such storms are irresistible. While these 
extreme conditions may exist over area the higher altitudes 
tornado, more probable that the destructive pressures exerted 
near the surface are the main those arising from the inflowing air 
currents and are not greater than can readily provided against 
engineering structures. 

stating the theory the tornado the author had intention 
presenting any views theories his own, but rather restate the 
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Mr, Baier. explanation, mathematically developed Ferrel along lines orig- 


inally formulated Espy some fifty years ago. The results Pro- 
fessor Ferrel’s works have gained for him world-wide reputation, 
and his theories are almost universally accepted students 
dynamic meteorology. The exceptions which Mr. Hazen has taken 
these theories are: first, the existence any whirl the tornado; 
and, second, the existence inward rather than outward 
flow air. The St. Louis certainly confirm the theories 
Professor Ferrel. The barometric records indicated severe local 
fall pressure which could only have been occasioned whirl; 
the inflow lateral air currents from all sides into the general storm 
center was established conclusively the many evidences this 
characteristic action. Mr. Hazen further bases some his deductions 
the assumption ‘‘a steady wind 300 400 ft. whereas 
now well known that air moves tumultuous mass continually 
subject the most extreme and irregular fluctuations velocity. 
The wind such storms assumes violently agitated and turbulent 
condition much unlike the steady current which often 
assumed flow the Niagara whirlpool unlike quiet stream 
water; and hardly necessary add that any formulas deduced 
from fair-weather experiments are about applicable severe storm 
conditions the ordinary hydraulic formulas would the case 
the whirlpool. 

While the explanation advanced Professor Nipher the 
atomizer effect oblique air currents may partially account for some 
the results obtained Irminger and affect the relative values found 
him for direct pressure and for suction, does not any way 
change his general conclusions the reduction the atmospheric 
pressure present the leeward side obstacles exposed the wind. 

The large percentage the total force the wind which due 
this cause moreover indicated other results. The experiments 
made Professor Marvin, with pressure boards, determine the 
total effect the wind show that the relation between velocity 
miles per hour and pressure pounds per square foot expressed 

The results recently obtained Professor Nipher show, pre- 
viously found other experimenters, that the effect compression 
windward side only almost exactly accord with theoretical 
and this last equation must therefore represent the force due solely 
the rarefaction the leeward side. These coefficients give ratios 
62% for direct pressure, and 38% for suction, values 
that not differ from those found Irminger more than the 
various formulas for total wind pressure differ from each other. Since 
the effect due compression the windward side expressed 
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constant coefficient would seem that the wide variation the values Mr. Baier. 
the coefficients expressing the total wind pressure must caused 
mainly the variation that proportionate part which due this 
rarefaction. 
That the outward lifting force due this suction effect pres- 
ent wind storms can seen occasionally such examples the 
partially destroyed church shown Plate III, Fig. selected from 
number such instances that came under the notice the author, 
illustrate this action. this case the entire roof was carried away 


the damage had been caused merely the wind blowing into and 
being compressed within the building, the light ceiling would have 
been entirely destroyed before the roof could have been lifted. 

The pressure collector designed and perfected Professor Nipher 
exceedingly ingenious and valuable device, and will undoubtedly 
find varied application pressure measurements. Unfortunately, 
the determination experiment suggested the actual intensity 
and distribution wind pressures against structural work involved 
difficulties entirely beyond control, due largely the complex and 
variable nature the wind itself and the infrequent opportunities 
make such experiments high velocities. The wide range 
values obtained many experimenters simple structural ele- 
ment square plate further suggests the indefinite results that 
must expected when dealing with the more intricate surfaces 
actual structural work. 

The engineer mainly interested measure the intensity 
the maximum wind pressures which occur violent storms. Such 
knowledge can obtained more definitely from critical analysis 
the actual total destructive work the wind manifested from time 
time than from deductions based the partially known elements 
the very complex action the wind. 

The accumulated data afforded such catastrophes that de- 
the paper, when properly interpreted, must ultimately 
accepted guide the rational design important structures 
exposed the action the wind. 


while the weaker and lighter ceiling was only partially broken. 


